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1 

GENES WHICH INFLUENCE PICHIA PROTEOLYTIC 
ACTIVITY, AND USES THEREFOR 

This invention relates to recombinant DNA 
technology. In a particular aspect, the present 
invention relates to yeast strains produced employing 
recombinant techniques, and DNA encoding proteins 
5 involved in proteolytic processing, as well as 

auxotrophic marker proteins. In another aspect, the 
present invention relates to methods of producing 
recombinant products, especially recombinant products 
which are susceptible to proteolytic degradation. 

10 BACKGROUND OF THE INVENTION 

Strains of the genus Pichia have been developed as 
an efficient expression system for the production of 
recombinant products. Unfortunately, however, some 
protein products which are desirably produced by 

15 recombinant means (e.g., IGF-1, EGF, GRF, and the like) 
are susceptible to degradation by proteases produced by 
the host organism. In such cases, even if high levels of 
the desired product are expressed, reduced product 
recoveries are sometimes realized due to degradation of 

20 the product in the presence of certain of the host 
strain's proteolytic enzymes. Product recovery is 
further complicated by the presence of various 
proteolysis degradation products. 

It would be desirable, in view of the excellent 

25 performance of the Pichia-based expression system for the 
production of many recombinant products, to reduce or 
eliminate certain proteolytic activities of Pichia. This 
would reduce the likelihood of degradation of 
protease-sensitive products when produced in recombinant 
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Pichia hosts. Reduced likelihood of degradation would 
result in an enhanced ability to express and recover such 
products in substantially intact form. 

Various techniques can be applied in an effort to 
5 reduce or eliminate the problem of proteolytic 

degradation of recombinantly produced products . For 
example, one could modify the conditions under which 
recombinant strains are grown so as to inhibit protease 
activity. This could be accomplished, for example, by 

10 adjusting the pH of the medium sufficiently to inhibit 

the action of various proteases. This approach, however, 
may affect the ability of the host organism to express 
certain recombinant products (as well as the stability of 
the resulting product, once expressed)* Moreover, this 

15 approach is limited only to its effect on extracellular 
proteolysis . 

Alternatively, one could attempt to modify or 
eliminate some or all of the host organism^ processing 
enzymes which are responsible for the proteolytic 

2 0 activity which degrades recombinantly produced, 
proteolytically sensitive products. Proteolytic 
processes in eukaryotic organisms are, however, quite 
complicated and involved. Thus, it is not possible to 
predict if elimination and/ or modification of one or more 

25 of the enzyme (s) that are involved in proteolytic 

processing pathways will have an impact on the viability 
of the host cells, and/or the stability of the 
recombinantly produced products. 

Some of the proteolytic activities of the yeast 

30 Saccharomyces cerevisiae have been characterized. 
Proteinase A, for example, is encoded by the S. 
cerevisiae PEP 4 gene. Proteinase A is a vacuolar, 
aspartyl protease capable of self -activation, as well as 
subsequent activation of additional vacuolar proteases, 
35 such as carboxypeptidase Y, and proteinase B. Although 



carboxypeptidase Y appears to be completely inactive 
prior to proteinase A-mediated proteolytic processing of 
the enzyme, proteinase B (encoded by the PRB-1 gene of S. 
cerevisiae) reportedly is approximately 50% bioactive in 
its precursor form, the form that exists prior to 
proteinase A-mediated processing of the enzyme. 

S. cerevisiae and filamentous fungi deficient in 
proteolytic activity have been used for the recombinant 
expression of heterologous peptides. These organisms, 
however, differ substantially from the methylotrophic 
yeast, Pichia. There are numerous metabolic and 
physiological differences between Saccharomyces , 
Aspergillus , and Pichia, so that the proteolytic 
processing systems of these various organisms are not 
necessarily similar. Indeed, very little is presently 
known regarding the types of proteolytic activities 
present in Pichia. 

In addition, unlike Saccharomyces or Aspergillus, 
Pichia cells used for the recombinant expression of 
heterologous peptides are typically grown to high cell 
density, which has been made possible, at least in part, 
by selection of strains which minimize the occurrence of 
foaming during the fermentation process. Selection of 
such cells is accomplished by selecting for cells which 
produce large amounts of endo- and exo-proteases, which 
reduce foaming by reducing the size of proteins secreted 
into the medium. Furthermore, while growth at high cell 
density the production of heterologous peptides in high 
yields, growth at high cell density also provides for a 
relatively high level of vacuolar proteases in the 
fermentation medium. The high cell density is 
accompanied by the release of substantial quantities of 
cellular material into the media, including vacuolar 
proteases, since -1% of cells typically undergo lysis 
during yeast fermentation. Therefore, during the 
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production of heterologous peptides in a high cell 
density process, some of the secreted, heterologous 
peptides produced by Pichia could be subjected to 
substantial proteolysis. 
5 Therefore, it is an object herein, to provide 

protease deficient strains of Pichia and to provide means 
for generating such strains. It is also an object to use 
the protease deficient strains for expression of 
heterologous proteins . 
10 SUMMARY OF THE INVENTION 

In accordance with the present invention, we have 
isolated and characterized genes involved in proteolytic 
processes of species of the genus Pichia . The 
availability of such genes provides a means to generate 
15 strains of Pichia which are deficient in proteolytic 

activity and which are useful as hosts for the expression 
of proteolytically sensitive products. 

The strains of Pichia which have been modified so as 
to be defective in proteolytic activity, compared to 
20 wild-type Pichia cells, are excellent hosts for the 
expression of recombinant constructs encoding 
proteolytically sensitive products. The advantage of 
high levels of recombinant product expression using the 
Pichia expression system, coupled with the low level of 
25 proteolytic activity in the protease-def icient host cells 
provided herein, provides a highly efficient expression 
system for the production of proteolytically sensitive 
products. 

In accordance with another embodiment, a gene that 
30 encodes the Pichia orotidine-5 1 -phosphate decarboxylase 
protein (the URA3 gene) is provided. The availability of 
this gene, in combination with strains of Pichia which 
are lira", provides a selection system for use in producing 
recombinant strains of Pichia which are deficient in 
35 proteolytic activity. Such Ura" strains are also useful 
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as hosts for transformation with recombinant DNA 
constructs, which are then used for the recombinant 
expression of a variety of heterologous products. 
BRIEF DESCRIPTION OP THE FIGURES 
5 Figure 1 is a restriction map of a Pichia pastoris 

gene which influences the carboxypeptidase Y activity of 
Pichia. 

Figure 2 is a restriction map of plasmid pEP202. 

Figure 3 is a restriction map of plasmid pEP2Q5. 
10 Figure 4 is a restriction map of plasmid pEP301. 

Figure 5 is a restriction map of plasmid pDR4 01. 

Figure 6 is a restriction map of plasmid pPU201. 

Figure 7 is a restriction map of plasmid pPU202. 

Figure 8 is a restriction map of plasmid pPU203. 
15 Figure 9 is a restriction map of plasmid pPU205. 

Figure 10 is a restriction map of plasmid pPU206. 

Figure 11 is a restriction map of plasmid pDR421. 

Figure 12 is a restriction map of the Pichia 
pastoris orot idine- 5 1 -phosphate decarboxylase gene (i.e., 
20 the URA3 gene) . 

Figure 13 summarizes the steps employed in the 
construction of pDR601 and pDR602. 

Figure 14 is a restriction map of plasmid pDR601. 

Figure 15 is a restriction map of plasmid pDR602. 
25 Figure 16 is a restriction map of plasmid pDL521. 

Figure 17 is a restriction map of a portion of the 
Pichia pastoris proteinase B gene. 

Figure 18 is a restriction map of plasmid pDR911. 
DETAILED DESCRIPTION OF THE INVENTION 
30 In accordance with the present invention, there is 

provided an isolated DNA fragment obtained from a strain 
of the genus Pichia which comprises a gene encoding a 
protein which, directly or indirectly, influences the 
proteolytic activity of said strain. 
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In accordance with another embodiment of the present 
invention/ there is provided a method of producing 
modified strain (s) of the genus Pichia which are 
deficient in proteolytic activity, relative to host 
5 strain (s) of the same species which are not so modified, 
said method comprising: 

contacting said host strain (s) with a modified form 
of the above-described gene, wherein said modification 
renders the gene incapable of producing functional 
10 product, or alters the ability of the gene product to 

influence proteolytic activity, wherein said contacting 
is carried out under conditions suitable for the site- 
directed integration of said modified form of the above- 
described gene into the genome of said host strain (s) , 
15 wherein said site-directed integration occurs at the 

specific locus of said gene which encodes said protein 
which influences proteolytic activity. 

In accordance with yet another embodiment of the 
present invention, there are provided strains of the 
20 genus Pi ctiia which are deficient in proteolytic activity. 
Such strains can be produced in a variety of ways, with 
the above-described method being the presently preferred 
way of producing such strains. 

In accordance with still another embodiment of the 
25 present invention, there is provided a method for the 
expression of proteolytically sensitive recombinant 
product (s) , said method comprising expressing said 
proteolytically sensitive product (s) in the above- 
described Pichia cells which are deficient in proteolytic 
30 activity. 

In accordance with a further embodiment of the 
present invention, there is provided an isolated DNA 
fragment obtained from a species of the genus Pichia 
which comprises the orotidine-5 1 -phosphate decarboxylase 
35 gene . 
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In accordance with a still further embodiment of the 
present invention, there is provided a yeast cell of the 
genus Pichia as a host capable of being transformed with 
recombinant DNA material , wherein said host is defective 
5 in the orotidine-5 ' -phosphate decarboxylase gene. 

As employed herein, the term "proteolytic activity" 
refers to any one or more of the enzyme activities 
displayed by enzymes involved in the proteolytic pathway. 
Proteolytic activities include proteinase A activity, 

10 proteinase B activity, carboxypeptidase Y activity, 

carboxypeptidase S activity, aminopeptidase C activity, 
dipeptidyl aminopeptidase activity, proteinase D 
activity, proteinase E activity, and the like. 

As used herein, a gene encoding a protein which, 

15 directly or indirectly, influences the proteolytic 

activity of a yeast strain, includes genes that encode 
proteinases or that encode proteins that act on 
proteinases. As used herein, a protein that acts on a 
protein refer to proteins that alter or modulate the 

20 activity of a proteinase. Thus, for example, a protein 
that directly influences proteolytic activity is a 
protein that encodes a proteinase, and a protein that 
indirectly influences proteolytic activity is a protein 
that activates or increases the activity of a protein by 

25 proteolytic processing. SaccharomycBS cerevxsiaB 

proteinase is an example of a protein that directly and 
indirectly influences the proteolytic activity of 
SaccharomycBS CBrevisiae. 

In accordance with one embodiment of the present 

3 0 invention, the Pichia gene that encodes a protein which, 
directly or indirectly, influences at least the 
carboxypeptidase Y activity of strains of the genus 
Pichia has been identified and isolated from a species of 
the genus Pichia. This gene is referred to herein, for 

35 convenience, as the Pichia PEP4 gene, based on the 
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existence of some similarity between this gene and the S. 
c&revisia& PEP 4 gene. It should be recognized, however, 
that the nucleotide sequences of the Pichia gene and the 
Saccharomyc&s gene differ substantially. The Pichia PEP4 
5 gene is characterized by the restriction map set forth in 
Figure 1 of the drawings . A fragment containing 
sequences encoding this gene can be readily obtained for 
easy handling from a variety of sources. One such source 
is the approximately 10.6 Jcbp EcoRI fragment of plasmid 
10 pEP202 (see Figure 2) , or alternatively, the 

approximately 2.7 kbp EcoRI-SacI fragment of plasmid 
pEP3 01 (see Figure 4) . 

DNA encoding the proteinase A gene is also provided. 
The proteinase A gene of the present invention can be 
15 further characterized by reference to the amino acid 

sequence set forth in Sequence ID No. 2. DNA having any 
nucleic acid sequence which encodes substantially the 
same amino acid sequence as set forth in Sequence ID No. 
2 or that has sufficient homology to be useful for 
20 disruption of homologous genes can be employed in the 

practice of the present invention. An exemplary nucleic 
acid sequence which encodes the above-described amino 
acid sequence is set forth in Sequence ID No. 1. 

The Pichia gene that encodes a protein which, 
25 directly or indirectly, influences the proteolytic 

activity of strains of the genus Pichia can be modified 
in a variety of ways/ so as to render the gene incapable 
of producing functional product, or so as to alter the 
ability of the gene product to influence the proteolytic 
30 activity of said Pichia strain (s) . Those of skill in the 
art recognize that there are many methods for the 
modification of the above-described gene. For example, 
the coding sequence can be mutated to modify the amino 
acid sequence of the protein encoded by the -gene* 
35 Alternatively, various portions of the coding sequence 
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can be deleted from the gene. The deletion need only be 
sufficient to render the expressed product (if it is 
still capable of being expressed) non-functional. Thus, 
a deletion of even one nucleotide, by throwing the 
5 remaining coding sequence out of reading frame, can 

render a product, if still capable of expression, non- 
functional. Of course, larger deletions can result in a 
complete lack of expression of product, or can cause a 
substantially modified product to be expressed, and such 

10 a product is likely to have very different proteolytic 
properties, if any, relative to product produced by 
intact gene. As yet another alternative , additional 
sequences can be inserted into the coding sequence to 
disrupt the reading frame of the gene of interest, which 

15 would cause a dramatically altered product to be 

expressed, or a complete lack of expression of the 
product . 

A particularly convenient method for the 
modification of the Pichia gene that encodes a protein 

2 0 which, directly or indirectly, influences the proteolytic 

activity of strains of the genus Pichia is to insert an 
auxotrophic marker gene into said Pichia gene, thereby 
disrupting the Pichia gene. Such auxotrophic marker 
genes can be selected from the Pichia or Saccharomyces 
25 HIS4 gene, the Pichia or Saccharomyces ARG4 genes, the 
Pichia or Saccharomyces URA3 genes, and the like. 

Strains of Pichia deficient in proteolytic activity 
can be prepared in a variety of ways. The presently 
preferred method involves modifying, in a suitable host, 

3 0 genes of the present invention (which genes, in their 

unmodified form, encode a product which, directly or 
indirectly, affects the proteolytic activity of strains 
of the genus Pichia) . Alternatively, host strains can be 
subjected to random (i.e., non-selective) mutagenesis, 
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then screened to select for mutants which are deficient 
in proteolytic activity. 

When proteolytically deficient strains are produced 
by modifying the gene of the invention in a host, such 
5 modifying is carried out, for example, by introducing a 
modified gene under transformation conditions suitable 
for the site-directed integration of the modified gene 
into the genome of the host at the specific locus of such 
gene which encodes a protein which influences proteolytic 
10 activity (i»e. , the target gene) . Integration will 
replace or alter the host's endogenous gene. A 
convenient means to introduce the modified gene into the 
target locus of a yeast host is to include the modified 
gene in a linear DNA fragment having ends homologous to 
15 two separate portions of the intact gene within the host. 
This will direct, upon transformation, homologous 
recombination occur at the specific locus of the gene 
whose expression product influences proteolytic activity. 
When Pichia strains deficient in proteolytic 
20 activity are prepared by the preferred method described 
above (i.e. , by introducing a modified gene of the 
invention into a suitable host by site-directed 
integration at the specific locus of the gene whose 
expression product influences proteolytic activity, 
25 thereby replacing all or a portion of the endogenous gene 
with all or a portion of the modified gene), the 
endogenous gene is said to be disrupted. 

As used herein, the term gene "disruption" refers to 
any manipulation of the target locus that ultimately 
3 0 results in the presence of a gene that does not yield a 

functional product, or that yields a product with altered 
function. Disruption can, therefore, result from the 
presence of added sequence (e.g. , by the introduction of 
auxotrophic marker, or by the introduction of any 
35 sequence which causes a shift in the reading frame), the 
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loss of nucleotides from the target gene (e.g., by 
deletion), or other mutations of the target gene. For 
the preferred method of preparing Pichia strains 
deficient in proteolytic activity, gene disruption is 
achieved by gene addition, gene replacement, or a 
combination of addition and replacement referred to 
herein as "pop- in-pop-out n . In gene replacement, the 
endogenous target gene is physically removed from the 
target locus, and replaced with the modified gene. This 
is accomplished by transforming the host with a linear 
fragment having ends which are homologous to the 5* and 
3* ends of the target gene, respectively. Gene addition 
involves adding the transforming DNA to the endogenous 
target gene. Depending on the manner in which the 
modified gene of the transforming DNA was altered, gene 
addition can result in the presence of either two non- 
functional copies of the target gene, or one functional 
and one non-functional copy of the target gene. Each of 
the two copies consists of a portion of the endogenous 
gene, and a portion of the transforming DNA. If a 
functional copy of the target gene remains after gene 
addition, it can then be removed by homologous 
recombination between the two copies of the target gene. 
The combination process of gene addition followed by 
homologous recombination constitutes the pop-in-pop-out 
process. 

Methods of transforming yeast of the genus Pichia, 
as well as methods applicable for culturing such yeast 
cells, are known generally in the art. Constructs 
containing the above-described modified gene are 
transformed into Pichia cells either by the spheroplast 
technique, described by Cregg et al., in Mol. Cell. Biol 
5:3376 (1985) and U.S. 4,879,231, or by the whole-cell 
lithium chloride yeast transformation system [Ito et al. 
Aaric. Biol. Chem. 48:341 (1984)], with modification 
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necessary for adaptation to Pichia [See European Patent 
Application No. 312,934; also available as U.S. Pat. No. 
4,929,535]. The whole-cell lithium chloride method is 
frequently more convenient in that it does not require 
5 the generation and maintenance of spher oplasts . For the 
purpose of the present invention, the spher oplast method 
is preferred because the spheroplast method is generally 
a more efficient means of transformation. 

Those of skill in the art recognize that host Pichia 

10 strains for transformation with the above-described 

modified gene can be wild-type Pichia cells, which upon 
transformation with a defective gene from the proteolytic 
pathway, could be screened for reduced proteolytic 
activity. The host strains employed can have one or more 

15 defects therein, to assist in the identification and 
selection of desired transf ormants. 

Preferred hosts employed for transformation with a 
modified form of the gene which encodes a protein which, 
directly or indirectly, influences the proteolytic 

20 activity of strains of Pichia, is a strain which is 

defective in at least one auxotrophic marker gene. The 
use of such host organisms is preferred because 
simultaneous transformation of such a host with the 
modified form of the invention gene and an auxotrophic 

25 marker gene enables rapid selection of strains which have 
incorporated the transforming DNA, and thus, should have 
a disrupted form of the, gene which encodes a protein 
which directly or indirectly influences the proteolytic 
activity of the host. 

30 Exemplary auxotrophic marker genes useful in the 

practice of the present invention (i.e. , marker genes 
that are defective in the preferred host strains employed 
herein) include the histidinol dehydrogenase gene, the 
argininosuccinate lyase gene, or the 

35 orotidine-5 1 -phosphate decarboxylase gene, and the like. 
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When employing such host strains in the transformation of 
Pichia, the above-described modified gene, included on a 
linear DNA fragment, is preferably associated with an 
intact form of the auxotrophic marker gene for which the 
5 host strain is defective, e.g., the auxotrophic marker 
gene either is contained within the modified gene, or is 
located 5 f or 3 ' of the modified gene on the transforming 
linear DNA fragment. Exemplary host strains 

contemplated for use in the practice of the present 

10 invention include the HIS4 -defective Pxchia strain, GS115 
(ATCC 20864), the ARG4-def ective Pichia strain, GS190, 
the HIS4 /Z7JJA3— defective Pichia strain, GS4-2, the 
HIS4/ARG4 -defective Pichia strain PPF1 (NRRL Y-18017; see 
U.S. 4,812,405), and the like. An exemplary fragment of 

15 DNA which contains the above-described modified gene 
having inserted therein a functional gene encoding 
histidinol dehydrogenase can be obtained from the 
approximately 5.3 kbp SacI-EcoRI fragment of plasmid 
pDR401. Another exemplary fragment of DNA which contains 

20 a modified form of the above-described gene (located 5* 
of a functional gene encoding orotidine-5 '-phosphate 
decarboxylase) can be obtained from the approximately 5.0 
kbp Bglll fragment of plasmid pDR421. 

A particularly advantageous application of the 

25 Pichia strains that are deficient in proteolytic activity 
is for the expression of proteolytically sensitive 
recombinant products, such as, for example, epidermal 
growth factor (EGF) , growth hormone releasing factor 
(GRF) , insulin-like growth f actor-1 (IGF-1) , and the 

30 like. When expressed in recombinant Pichia strains, 
which are deficient in proteolytic activity, the 
resulting recombinant product is subjected to a reduced 
level of proteolytic activity, due to modifications in 
the proteolysis apparatus of the host organism. 
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Proteolytically deficient Pichia expression systems 
for the production of proteolytically sensitive products 
can be generated in a variety of ways. For example, 
Pichla host strains can be rendered proteolytically 
5 deficient, as described hereinabove, and then further 
transformed with DNA encoding a heterologous protein of 
interest (especially a proteolytically sensitive 
protein) . Alternatively , a recombinant Pichia strain 
already bearing DNA encoding a heterologous protein of 
10 interest can thereafter be rendered proteolytically 

deficient, for example, as described hereinabove. As yet 
another alternative, a Pichia strain could be 
co-transformed with the above described modified gene and 
a DNA encoding a heterologous, proteolytically sensitive 
15 protein of interest. 

The use of strains of the genus Pichia as host 
strains in the recombinant expression of peptide products 
has previously been described in great detail. 
The presently preferred yeast species for use in the 
20 practice of the present invention is Pichia pastoris , a 
known industrial yeast strain that is capable of 
efficiently utilizing methanol as the sole carbon and 
energy source. 

There are a number of me t hano 1 -r espons i ve genes in 
25 methylotrophic yeast, the expression of each being 
controlled by methanol -responsive regulatory regions 
(also referred to as promoters) . Any of such methanol- 
responsive promoters are suitable for use in the practice 
of the present invention. Examples of specific 
30 regulatory regions include the promoter for the primary 
alcohol oxidase gene from Pichia pastoris A0X1 , the 
promoter for the secondary alcohol oxidase gene from P. 
pastoris AOX2 (P. pastoris is known to contain two 
functional alcohol oxidase genes: alcohol oxidase I 
3 5 (AOX1) and alcohol oxidase II (AOX2) ; the coding portions 
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of the two AOX genes are closely homologous at both the 
DNA and the predicted amino acid sequence levels and 
share common restriction sites; the proteins expressed 
from the two genes have similar enzymatic properties but 
5 the promoter of the A0X1 gene is more efficient and gene 
products are frequently more highly expressed therefrom) , 
the promoter for the dihydroxyacetone synthase gene from 
P. pastoris (DAS) , the promoter for the P40 gene from P. 
pastoris, the promoter for the catalase gene from P. 

10 pastoris, the promoter for the formaldehyde dehydrogenase 
gene from P. pastoris, the promoter for the formate 
dehydrogenase gene from P. pastoris, and the like. 

The presently preferred promoter region for 
regulating expression of a gene encoding a 

15 proteolytically sensitive product, in P. pastoris hosts, 
is the promoter of the methanol-regulated primary alcohol 
oxidase gene of P. pastoris. The AOX1 gene, including 
its promoter, has been isolated and thoroughly 
characterized; see Ellis et al. , Mol. Cell. Biol. 5: 1111 

20 (1985) and U.S. Patent No. 4 , 855 , 231 . 

The presently preferred expression cassette used in 
transforming Pichia cells for the generation of 
recombinant protein-expressing strains comprises, in the 
reading frame direction of transcription, the following 

25 DNA sequences: 

(i) a promoter region of a methanol -responsive gene 
of a methylotrophic yeast, 

(ii) a DNA sequence encoding a polypeptide 
consisting essentially of: 

3 0 (a) an optional secretion signal sequence, and 

(b) a heterologous protein of interest; and 
(iii) a transcription terminator functional in a 
methylotrophic yeast; 
wherein said DNA sequences are operationally associated 
35 with one another for transcription of the sequences 
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encoding said polypeptide. DNA sequences encoding a 
secretion signal sequence which are optionally contained 
in expression vectors used in the practice of the present 
invention include the DNA encoding the native secretion 
5 signal sequence associated with the proteolytically 
sensitive product , the DNA encoding the S. cerevlsiaB 
a-mating factor (oMF) leader sequence, (including a DNA 
sequence encoding the processing site , lys-arg) , and 
signal sequences that function as such in methylotrophic 
10 yeast cells, such as the bovine lysozyme C signal 
sequence. 

The transcription. terminator functional in a 
methylotrophic yeast used in accordance with the present 
invention has either (a) a subsegment which provides a 
15 polyadenylation signal and polyadenylation site in the 
transcript, and /or (b) a subsegment which provides a 
transcription termination signal for transcription from 
the promoter used in the expression cassette. The term 
"expression cassette" as used herein, and throughout the 

20 specification and claims, refers to a DNA sequence which 
includes sequences functional for the expression process. 
The entire transcription terminator is taken from a 
protein-encoding gene, which may be the same or different 
from the gene which is the source of the promoter. 

25 In the DNA constructs of the present invention, used 

to transform hosts for recombinant expression of 
proteolytically sensitive products, the segments of the 
expression cassette (s) are said to be "operationally 
associated" with one another. The DNA sequence encoding 

30 proteolytically sensitive products is positioned and 

oriented functionally with respect to the promoter , the 
secretion signal sequence, if employed, and the 
transcription terminator. Thus, the polypeptide-encoding 
segment is transcribed, under regulation of the promoter 

35 region, into a transcript capable of providing, upon 
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translation, the desired polypeptide. Appropriate 
reading frame positioning and orientation of the various 
segments of the expression cassette are within the 
knowledge of persons of ordinary skill in the art; 
5 further details are given in the Examples. 

For the practice of the present invention it is 
preferred that hosts for the recombinant expression of 
proteolytically sensitive products be transformed with 
multiple copies of the above-described expression 
10 cassettes contained on one DNA fragment, preferably in a 
head-to-tail orientation. 

In addition, when DNA constructs according to the 
invention are used to transform hosts for the recombinant 
expression of proteolytically sensitive products by 
15 site-directed integration, the expression cassette- 
containing construct is a linear DNA fragment that is 
directed to the desired locus of the host to effect 
integration of the DNA fragment therein. One-step gene 
integrations are usually successful if the DNA to be 

2 0 introduced has as little as 0*2 kb homology with the 

fragment locus of the target gene; it is however, 
preferable to maximize the degree of homology for 
efficiency. 

The DNA constructs used according to the invention 
25 to transform hosts for the recombinant expression of 
proteolytically sensitive products optionally further 
comprise a selectable marker gene, in addition to one or 
more expression cassettes. For this purpose, any 
selectable marker gene functional in methylotrophic yeast 

3 0 may be employed, i-e», any gene which confers a phenotype 

upon methylotrophic yeast cells, thereby allowing them to 
be identified and selectively grown from among a vast 
majority of untransf ormed cells. Suitable selectable 
marker genes include, for example, selectable marker 
35 systems composed of an auxotrophic mutant P. pastoris 
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host strain and a wild-type biosynthetic gene which 
complements the host's defect. For transformation of 
EISA* P. pastor is strains , for example, the S. cerevisiae 
or P. pastoris HIS4 gene may be employed, or for 
5 transformation of ARG4' mutant P. pastoris strains, the S\ 
cerevisiae ARG4 gene or the P. pastoris ARG4 gene may be 
employed, or for transformation of URA3' mutant p. 
pastoris strains, the S. cerevisiae URA3 gene or the P. 
pastoris URA3 gene may be employed. 

10 In addition, DNA constructs used to transform hosts 

for the recombinant expression of proteolytically 
sensitive products according to this aspect of the 
invention optionally further comprise selectable marker 
genes which are functional in bacteria. Thus, any gene 

15 can be used which confers a phenotype on bacteria that 
allows transformed bacterial cells to be identified and 
selectively grown from among a vast majority of 
untransf ormed cells . This additional selectable marker 
enables DNA of the invention to be transformed into 

20 bacteria such as E. coli for amplification . Suitable 

selectable marker genes include the ampicillin resistance 
gene (Amp r ) , tetracycline resistance gene (Tc r ) , and the 
" ' like. • 

When it is contemplated to pass DNA of the invention 
25 though bacterial cells, it is desirable to include in the 
DNA construct a bacterial origin of replication, to 
ensure the maintenance of the invention DNA from 
generation to generation of the bacteria. Exemplary 
bacterial origins of replication include the fl-ori, 
30 colisin, col El, and the like. 

The term "expression vector 11 , as employed herein, is 
intended to include vectors capable of expressing DNA 
sequences contained therein, where such sequences are in 
operational association with other sequences capable of 
35 effecting their expression, i.e. , promoter sequences. In 
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general, expression vectors usually used in recombinant 
DNA technology are often in the form of "plasmids" , i.e., 
circular, double-stranded DNA loops, which in their 
vector form are not bound to the chromosome. In the 
5 present specif ication the terms "vector" and "plasmid" 
are used interchangeably. However, the invention is 
intended to include other forms of expression vectors as 
well, which function eguivalently . 

Methods of transforming yeast of the genus Pi chi a, 

10 as well as methods applicable for culturing such yeast 
cells, are known generally in the art. 

According to the invention, constructs containing 
the above-described modified gene and/ or expression 
cassettes encoding the production of heterologous, 

15 proteolytically sensitive products are transformed into 
Pichia cells either by the spheroplast technique, or by 
the whole-cell lithium chloride yeast transformation 
system, as described above. 

Transformed strains, which are of the desired 

20 phenotype and genotype, are grown in fermentors in either 
batch or continuous mode. For the large-scale production 
of recombinant DNA -based products in methyl otrophic 
yeast, a three-stage, high cell-density fermentation 
system is the presently preferred fermentation protocol 

25 employed. In the first, or growth stage, expression 
hosts are cultured in defined minimal medium with an 
excess of a non-inducing carbon source (e.g., glycerol). 
When grown on such carbon sources, heterologous gene 
expression is completely repressed, which allows the 

30 generation of cell mass in the absence of heterologous 
protein expression. It is presently preferred, during 
this growth stage, that the pH of the medium be 
maintained at about 5, because the P. pastoris cells 
generally prefer a pH of about 5 for optimal growth. 

35 Next, a short period of non-inducing carbon source 
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limitation growth is allowed to further increase cell 
mass and derepress the methanol-responsive promoter. The 
pH of the medium during this limitation growth period is 
maintained at an appropriate pH value (the actual pH 
5 employed is a function of the particular host strain used 
for expression and the specific product being expressed) . 

Subsequent to the period of growth under limiting 
conditions, methanol is added in the ferment or either on 
a continuous basis, with concurrent removal of product 

10 via the broth; or on a batch-wise basis wherein methanol 
is added at such a rate that the methanol content of the 
broth is maintained at a low level (referred to herein as 
"methanol excess fed-batch mode") . The addition of 
methanol induces the expression of the gene driven by a 

15 methanol-responsive promoter. This third stage is 

referred to as the production stage, because it is at 
this stage that the majority of the recombinant product 
is expressed. The pH of the medium during the production 
stage is maintained at an appropriate pH value (the 

20 actual pH employed is a function of the particular host 

strain used for expression and the specific product being 
expressed) . 

The term "culture" means a propagation of cells in a 
medium conducive to their growth, and all 
25 sub-cultures thereof . The term "subculture" refers to a 
culture of cells grown from cells of another culture 
(source culture) , or any subculture of the source 
culture, regardless of the number of subculturing steps 
that have been performed between the subculture of 
3 0 interest and the source culture. 

According to a preferred embodiment of the present 
invention, the heterologous protein expression system 
used for the production of proteolytically sensitive 
products utilizes the promoter derived from the methanol- 
3 5 regulated AOX1 gene of P. pastoris, which is very 
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efficient and tightly regulated. This gene can be the 
source of the transcription terminator as well. The 
presently preferred expression cassette comprises, 
operationally associated with one another, the P. 
5 pastoris A0X1 promoter, optional DNA encoding a secretion 
signal sequence, a DNA sequence encoding a 
proteolytically sensitive product (e.g., mature IGF-1, 
EGF, GRF, and the like) , and a transcription terminator 
derived from the P. pastoris AOX1 gene. Preferably, two 
10 or more of such expression cassettes are contained on one 
DNA fragment, in head-to-tail orientation, to yield 
multiple expression cassettes on a single contiguous DNA 
fragment. 

The presently preferred host cells to be transformed 

15 with multiple expression cassettes are P. pastoris cells 
having at least one mutation that can be complemented 
with a marker gene present on a transforming DNA 
fragment. Preferably HIS4' (GS115) or ARG4' (GS190) single 
auxotrophic mutant P. pastoris strains are employed, or 

20 HIS4'/URA3~ (GS4-2) or HIS4 /ARG4' (PPF1) double auxotrophic 
mutant P. pastoris strains are employed. 

The fragment containing one or more expression 
cassette (s) is inserted into a plasmid containing a 
marker gene complementing a metabolic defect in the host, 

25 and optionally containing additional sequences such as 

bacterial marker genes, yeast DNA sequences which direct 
vector integration, and the like. 

In accordance with a specific embodiment of the 
present invention, there is provided an isolated DNA 

3 0 fragment obtained from a species of the genus Pichia 

which comprises the orotidine-5 1 -phosphate decarboxylase 
gene. The orotidine-5 1 -phosphate decarboxylase gene is 
frequently referred to as URA3 . It can be used, for 
example, to complement C7PA3 -deficient strains. Another 

3 5 use for the novel gene is the ability to target DNA into 
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a specific locus of the Pichia genome (i.e. , into the 
UJRA3 locus) ♦ This novel gene can be characterized by- 
reference to the restriction map shown in Figure 12. 
Alternatively, this novel gene can be characterized as 
5 encoding a protein having substantially the same amino 
acid sequence as set forth in Sequence ID No. 4. While 
those of skill in the art recognize that the above- 
referenced amino acid sequence can be encoded by a 
variety of nucleotide sequences/ a presently preferred 
10 nucleotide sequence encoding the above-referenced amino 

acid sequence is substantially the same as that set forth 
in Sequence ID No. 3. 

In accordance with another specific embodiment of 
the present invention , there are provided yeast cells of 
15 the genus Pichia. as a host capable of being transformed 
with recombinant DNA material, wherein the host is 
defective in the orotidine-5 1 - phosphate decarboxylase 
gene. Host strains defective in the URA3 gene can be 
used for transformation with DNA containing an intact 
20 form of the URA3 gene, thereby enabling a ready 

determination of whether the desired transformation event 
has occurred (by return of successfully transformed cells 
to uracil prototrophy) . 

The combination of URA3~ Pichia strains and 
25 the Pichia orotidine-5 1 -phosphate decarboxylase marker 
gene provides a particularly useful selection system 
for use in producing recombinant strains of Pichia 
deficient in proteolytic activity. Such a selection 
system is referred to herein as a "bidirectional 
30 selection process" . This selection system for 

the generation of Pichia strains which are deficient 
in proteolytic activity uses a "pop-in-pop-out " 
gene disruption technology in which a DNA fragment 
containing a defective gene is added to the genome 
35 of a host organism, with subsequent removal of 
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portions of the DNA fragment and endogenous sequences 
from the host through homologous recombination between 
the endogenous target gene sequence and the integrated 
vector sequence. Initially, transf ormants are selected 
5 for incorporation of the disruption vector which contains 
a marker gene such as URA3 (i.e., the "pop- in" step). 
Next, the selected transf ormants must be screened to 
identify strains in which a recombination event between 
endogenous gene sequences and integrated vector sequences 

10 has occurred and has thereby excised portions of the 
vector, including the marker gene, and endogenous 
sequences of the host (i.e., the "pop-out" step). A 
double selection system based on the URA3 gene and URA3' 
hosts provides for the sequential identification of the 

15 desired strains. 

This type of gene disruption is typically conducted 
in Ura" strains, which can be identified by resistance to 
5-f luoro-orotic acid (5-FOA) . Disruption vectors contain 
a defective copy of the target gene to be disrupted and a 

20 functional URA3 gene. Integration of the disruption 

vector into the genome of the Ura" host cells generates 
Ura + transformants containing one functional target gene 
and one non-functional (i.e., defective) target gene. 
Ura+ transformants are easily identified by their ability 

25 to grow in the absence of uracil. 

In order to isolate strains in which a recombination 
event has resulted in the elimination of the functional 
target gene, leaving only a defective gene, the Ura + 
transformants are screened for restoration of 5-FOA 

30 resistance resulting from the loss ("pop-out") of the 
URA3 gene which accompanies recombination. The 
regeneration of the UFA3 genotype enables repetition of 
the "pop- in-pop-out" process for the subsequent 
disruption of other genes in the genome. To use this 

35 selection system for the generation of Pichxa strains 
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which are deficient in proteolytic activity, a URA3* host 
is transformed with a DNA construct containing a modified 
form of a gene encoding a protein involved in the Pichia 
proteolytic pathway, and the URA3 gene . Site-directed 
5 integration of the transforming DNA by gene addition 
(i.e., "pop-in") yields one functional and one non- 
functional gene at the locus of the gene which directly 
or indirectly influences proteolytic activity, as well as 
an intact URA3 gene. Strains which incorporate the URA3 
10 gene are identified by positive selection (using 

techniques well known to those of skill in the art, e.g., 
by growing the strains on minimal media lacking uracil 
and selecting those strains capable of growth on such 
media). The configuration of the functional, non- 
15 functional and X3RA3 genes at the locus of the gene which 
encodes a protein which influences proteolytic activity 
enables recombination to occur between the functional and 
non-functional genes, resulting in the loss of one of 
these genes and the URA3 gene (i.e., "pop-out"). 
20 Thereafter, it is possible to positively select for 

strains lacking a functional URA3 gene by plating cells 
on medium containing a non-toxic analog of a uracil 
pathway intermediate, 5-f luoro-orotic acid (5-FOA) , 
which, when metabolized by UJRA3+ strains, produces a 
25 compound toxic to the cells. Because URA3" strains 

blocked at a specific point in the uracil pathway do not 
metabolize 5-FOA, they are not subjected to its toxic 
effects, and can thus be referred to as "5-FOA 
resistant". In contrast, URA3+ strains metabolize 5-FOA 
30 to produce a toxic compound which will prevent growth of 
the CRA3 + cells. The resulting URA3~ cells that also lack 
the functional target gene are deficient in proteolytic 
activity. Because the URA3\ phenotype is restored, the 
resulting cells can be transformed again using the UJRA3 
35 gene as a selectable marker. 
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The ability to positively select strains lacking a 
functional URA3 gene employing a toxic analog of a uracil 
pathway intermediate allows the use of this very 
convenient "pop-out" method for imparting multiple 
5 phenotypic changes in Pichia hosts. 

URA3' Pichia strains which are also deficient in 
proteolytic activity, relative to the proteolytic 
activity present in wild-type strains of the same 
species, are particularly useful for transformation with 

10 expression vectors which contain an intact form of the 
URA3 gene, and a gene encoding a proteolytically 
sensitive product (either as part of the same vector, or 
as a second vector which is transformed into the host) . 
Those transf ormants which return to uracil prototrophy 

15 (which can be readily determined by simple screening 
procedures) should have incorporated therein the gene 
encoding a proteolytically sensitive product, and thus 
would be directly applicable to product expression. 
The invention will now be described in greater 

20 detail by reference to the following non-limiting 
examples. 

EXAMPLES 

EXAMPLE I: ISOLATION OP THE P. PASTORIS PEP4 GENE 
The P. pastor is PEP4 gene was identified in a 
bacteriophage lambda-based EMBL3 P. pastor is genomic DNA 
5 library by its ability to hybridize with a radiolabeled 
fragment of the homologous Saccharomyces cerevisiae PEP4 
gene. The P. pastor is PEP4 gene was cloned by isolating 
positive plaques containing the hybridizing recombinant 
phage DNA. 

10 A. Construction of a P. pastoris EMBL3 Genomic DNA 

Library 

Bacteriophage X was used as a vehicle for cloning 
the P. pastoris PEP4 gene. Fragments of a partial Sau 3A 
digest of P. pastoris genomic DNA were inserted into the 
15 bacteriophage X vector EMBL3 [Frischauf , A.-M. et al. 
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(1983) . J. Mol . Biol . 170 :8271 , which contains elements 
of the bacteriophage X genome essential for propagation 
of the recombinant DNA in bacterial hosts. The P. 
pastoris DNA-containing EMBL3 vectors were packaged in 
5 vitro into infectious virions to yield a bacteriophage X 
P. pastoris genomic DNA library. Amplification of the 
library was achieved by propagation of the recombinant 
DNA in Escherichia coli host cells that had been infected 
with the recombinant virus. 

10 Pichia pastoris genomic DNA (from strain NRRL 

Y-11430, from the Northern Regional Research Center, 
Peoria, IL) isolated using a glass rod swirl technique 
[Cregg et al. Mol . Cell . Biol . 5:3376-3385 (1985) ] was 
digested with Sau3A at an effective concentration of 0.1 

15 u//ig in 7, 14, 21 and 28 minute incubations conducted at 
37°C An aliquot from each incubation mixture was 
electrophoretieally separated on a 1% agarose gel to 
determine the sizes of the digested DNA fragments. 
Digests incubated for 7 and 14 minutes appeared to 

20 consist primarily of 9-23 kb fragments. These digests 

were pooled and ligated to EMBL3 vector arms , prepared as 
described below. 

EMBL3 vector arms were prepared by double digestion 
of the vector (obtained from EMBL3 Cloning Kit # 

25 Stratagene Cloning Systems , San Diego, CA; catalog 

#241211) with BamHI and EcoR I . The small BamHI/EcoRI 
linker that separates the arms from the stuff er fragment 
was removed from the digest by selective precipitation 
with ethanol. Ligation of the Sau3A-digested Pichia 
30 genomic DNA (0.5 /xg) to 1 ng of EMBL3 pre— digested arms 
was accomplished by incubation of the reaction 
mixture at 4°C for two days. 

The recombinant bacteriophage X DNA prepared by 
ligation of P. pastoris genomic DNA fragments and EMBL3 
35 vector arms was packaged in vitro using commercial 
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packaging extracts (Stratagene EMBL3 Cloning Kit) . The 
EMBL3-based P. pastoris genomic library was amplified by 
plating the recombinant phage along with the E~ coli 
lysogenic host strain P2 392 (provided in Stratagene 
5 EMBL3 Cloning Kit) which contains prophage P2. Wild-type 
bacteriophage do not grow in E. coli strain P2 392. 
Recombinant EMBL3 -based bacteriophage, which lack two of 
the wild-type genes that confer P2 sensitivity, are able 
to grow well in this P2 -containing E . coli strain. The 

10 use of E. coli P2 392 as the host strain in the 

amplification ensured that only recombinant phage would 
be reproduced in the bacterial host. 

All of the plates encompassing the EMBL3-based P. 
pastoris genomic DNA library were overlayed with SM 

15 buffer (5.8 g NaCl f 2g MgS0 4 H 2 0, 50 ml 1M Tris-HCl, 

pH 7.5, and 5 ml 2% gelatin per liter). After five hours, 
the supernatants were collected and pooled, and the titer 
and genome equivalents were calculated according to the 
manufacturer's instructions. The library contained 

20 approximately 10 genome equivalents, and its titer was 

6 X 10" plaque-forming units/ml (pfu/ml) . 

B. Screening of the EMBL3 P. pastoris Genomic DNA 
Library Using the S . cerevisiae PEP4 Gene as a Probe 

In order to adequately screen the Pichia genome for 

25 the PEP4 gene, 50,000 recombinant phage and the E* coli 

lysogenic host strain LE 392 (provided in Stratagene 

EMBL3 Cloning Kit) were plated onto four large 150-mm 

plates. After 6-7 hours of growth, the plates were 

chilled to 4°C. Each plate was marked and duplicate 

30 plaque lifts of each plate were prepared by placing 

nitrocellulose onto each plate. The filters were 

denatured, neutralized, baked and probed with the S. 

cerevisiae PEP 4 gene [a gel-purified, 32 P-labeled 4.0 kb 

fragment of S. cerevisiae DNA containing the S. 

35 cerevisiae PEP4 gene obtained from the laboratory of 

Thomas Stevens, University of Oregon, Eugene, Oregon; see 
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Rothman et ail., Proc. Natl. Acad. Sci. USA 83.: 3248-3252 
(1986) j . Hybridization was conducted at 37°C in a 
solution containing 3 0% fonnamide, 6 X SSC, 
5 X Denhardt 1 s solution ,20 mM Tris*HCl, pH 8.0/ 1 mM 
5 EDTA, 0.1% SDS and 100 /xg/ml salmon sperm DNA. After 
hybridization , the filters were washed three times at 
room temperature using 2 X SSC and 0.1% SDS. Following 
these initial washes, the filters were then washed twice 
at 55°C using 2 X SSC and 0.1% SDS. 
10 Fifteen positive plagues containing DNA that 

hybridized to the fragment of the S. cerevisiae PEP4 gene 
were identified in duplicate from autoradiograms of the 
filters. The area around each of the 15 positive plaques 
was isolated and placed in SM buffer. Six of the 
15 isolates were plated at dilutions of 10" 5 and 10' 7 with E* 
coll strain LE 392 onto smaller 100-mrn plates. Single 
plague lifts of each plate were probed with the S, 
cerevisiae PEP4 gene fragment under the same 
hybridization and wash conditions used in the first 
20 plague screening. In this second round of screening, 12 
positive plagues were detected on the aut ©radiogram. 
Nine of these single plagues were isolated and placed in 
SM buffer. Each of these nine plaques was plated at 
dilutions of 10" 5 and 10* 7 with E. coll strain LE 392 onto 
25 small 100-mm plates. Again, single plaque lifts of each 
plate were probed with the S. cerevisiae PEP4 gene 
fragment under the same hybridization and wash conditions 
used in the first two screenings. Each plate contained 
approximately 10-20 plagues distributed evenly across the 
30 plate. Autoradiograms of the filters revealed that every 
plague on each plate hybridized to the PEP4 probe. 

Five separate plagues from different plates were 
isolated and placed in SM buffer. DNA from large-scale 
cultures of three of these isolates, designated 4721, 
35 5111 and 5131, respectively, was prepared using the 
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induction method of bacteriophage isolation [Maniatis, 

T. , Fritsch, E.F. and Sambrook, J. Molecular Cloning , A 

Laboratory Manual . Cold Spring Harbor Laboratory Press, 

Cold Spring Harbor, New York, USA (1982)] in order to 

5 identify, characterize and subclone the PEP4 gene 

contained in the recombinant phage. 

C. Characterization of the Insert in Isolates of 
the EMBL3 P. pastorls Genomic DNA Library that 
Hybridized to the S~ cerevlsla& PEP4 Gene 

10 Recombinant phage DNA prepared from the three 

isolates, referred to above, from the EMBL3 Pichia 
genomic DNA library (4721, 5111 and 5131), were digested 
with various restriction endonucleases , separated on a 
0.8% agarose gel and visualized by ethidium bromide 

15 staining. In addition, 1 nl aliquqts of these digests 

were separated on a second agarose gel which was blotted 
onto nitrocellulose and probed with the radiolabeled S. 
cerevisiae PEP4 gene fragment. Hybridization was 
conducted at 37° C in a solution containing 30% formamide, 

20 6 X SSC, 5 X Denhardt r s solution, 20 mM Tris-HCl, pH 8.0, 
1 mM EDTA, 0.1% SDS and 100 ng/T&l salmon sperm DNA. The 
filter was then washed in three 5-minute washes at room 
temperature with 2 X SSC and 0.1% SDS followed by two 5- 
minute washes at 55°C with 2 X SSC and 0.1% SDS. 

25 Identical digests of DNA from two of the clones, 

5111 and 5131, yielded the same pattern of restriction 
enzyme fragments, as determined by ethidium bromide 
staining, whereas the same digest of DNA from the third 
clone, 4721, yielded a different fragment pattern. 

3 0 Analysis of the restriction enzyme fragments of DNA from 
each clone by Southern blot hybridization to the S. 
cerevisiae PEP4 gene fragment revealed that the two 
classes of clones both contained a series of hybridizing 
fragments of the same size indicating that the two 

35 classes of clones had a common overlapping DNA sequence 
that hybridized with the probe. 
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D. Sub cloning and Characterization of the Cloned P. 
pastorls PEP4 Gene 

As determined by Southern blot hybridization of 

EcoRI— digested P. pastorls genomic DNA using the 

5 homologous S. cerevislae PEP4 gene as a probe, the 

P. pastorls PEP4 gene is contained within a 10. 6 kb Eco RI 

fragment of the P. pastorls genome. Southern blot 

hybridization of EcoRI -digested DNA of clone 4721, as 

described in Example 1C, revealed that it contained a 

10 10.6 kb fragment that hybridized to the S .. cerevisiae 

PEP4 gene. To facilitate manipulation of the cloned 

P. pastorls PEP 4 gene, P. pastorls genomic DNA contained 

oh an Eco RI fragment of DNA from isolate 4721 was 

subcloned into pUC19. Clone 4721 (25 fig) was digested 

15 with Eco RI ( 60 units) in a total volume of 3 00 >*i. The 

digested DNA was separated on a 0. 65% agarose gel, and 

the 10.6 kb EcoRI fragment was isolated with DE81 paper. 

The purified fragment was washed from the paper with 400 

(Ml of 1 M NaCl and extracted with phenol /chloroform. The 

20 DNA was then precipitated with ethanol and resuspended in 

water to a total volume of 10 ftl. Approximately 50 ng of 

the 10.6 kb fragment were ligated with an equal amount of 

pUC19 which had been cut with Eco RI and dephosphorylated. 

The ligation mixture was used to transform E m coll strain 

25 MC1061. Ampicillin-resistant colonies were selected and 

screened by analysis of restriction enzyme digests of 

colony DNA for the presence of the diagnostic 10.6 kb 

Eco RI fragment. A large-scale plasmid preparation was 

made from a colony containing the correct plasmid, which 

30 was named pEP2 02. Plasmid pEP2 02 contains the complete 

p. pastorls PEP4 gene (see Figure 2) . 

To facilitate sequence analysis of the cloned P. 

pastorls PEP4 gene, a portion of the P. pastorls PEP4 

gene was subcloned into pUC19. Plasmid pEP202 was 

35 digested with BamHI and EcoR I. The reaction mixture was 

separated on a 0.7% agarose gel, and the 0.45 kb BamH I 
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fragment of DNA (see Fig. 2) was isolated using DE81 
paper. The purified fragment was ligated to pUC19 (-20 
ng) that had been linearized by digestion with BamHI and 
dephosphorylated. The ligation mixture was used to 
5 transform E. coli strain MC1061. Transf ormants were 
selected for ampicillin resistance and screened by 
analysis of restriction enzyme digests of colony DNA for 
the presence of a single BamHI fragment. A single colony 
arising from this transformation was found to contain the 
10 appropriate DNA construct, and was named pEP205 (see 
Figure 3) . 

Sequence analysis of plasmid pEP202 identified a DNA 
sequence with -70% homology to the PEP4 gene of S. 
cerevisiae. The amino acid sequence encoded by this DNA 
15 sequence of pEP202 is 69% homologous to that encoded by 
the S. cejrevisiae PEP4 gene. 

EXAMPLE II: DEVELOPMENT OF A PEP4 "DEFICIENT (PEP4) 
STRAIN OF P. PASTORIS 

20 A. construction of the P. pastoris PEP4 Gene 

Disruption Vector PDR4 01 

Vector pDR4 01 was constructed for use in developing 
a PEP4 -deficient (PEP4') strain of P. pastoris. This 
vector contains a defective P. pastoris PEP4 gene, which, 

25 when used to transform PEP4 strains of P. pastoris, 

integrates into the host genome by replacement of the 
wild-type PEP4 gene. 

pDR401 was constructed in a two-step procedure as 
follows. In the first step, the base vector in the 

3 0 construction of pDR4 01, base vector pEP301, was 

constructed from pEP202. Vector pEP301 constains pUC19 
sequences and the cloned P. pastoris PEP4 gene from 
pEP202. Plasmid pEP2 02 (15 fig) was digested with SacI. 
A 5.5 kb SacI fragment (the fragment extending from the 

35 Sac I linker clockwise to the Sac I site at -5:00, and 

containing all of the pUC19 sequence and the entire PEP4 
gene; see Figure 2) was isolated from a 0.7% agarose gel 
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using DE81 paper. The fragment was eluted from the paper 
with 400 jul of 1 M NaCl, extracted with 400 /il of 
phenol/chloroform and precipitated with ethanol. This 
DNA was then ligated with itself in a volume of 100 fsl 
5 containing 1 /il of ligase and 1 fil (-10 ng) of DNA. The 
ligation mixture was incubated at room temperature for 1 
hr and then used to transform E. coli strain MC1061. 
Ampicillin-resistant colonies were selected and screened 
by analysis of restriction enzyme digests of colony DNA 
10 for the presence of a single 5.5 kb Bal ll fragment. 

Plasmid DNA was prepared from a transformed colony of 
MC1061 that contained the correct plasmid f which was 
named pEP301 (Figure 4) . 

In the second step of the construction of pi>R401, 
15 the P. pastorls HIS4 gene was inserted into the PEP4- 

containing plasmid pEP301 to yield the final vector. The 
P. pastorls EIS4 gene was isolated on a 2.6 kb Bal ll 
fragment derived from pYJSACla [Cregg r J. et al. Mol . 
Cell . Biol . 5:3376-3385 (1985)]. Plasmid pYJ8ACla 
20 (15 Jig) was digested with Bal ll and the digested DNA was 
separated on a 0.7% agarose gel. The HIS4 gene- 
containing 2.6 kb fragment was isolated with DE81 paper/ 
eluted with 400 /il of 1 M NaCl, extracted with 400 /il of 
phenol/chloroform, precipitated with ethanol and 
25 resuspended in 10 til of water. Prior to inserting this 
2.6 kb Bglil fragment into the unique Bglll site of 
pEP301 r approximately 20 fig of pEP30l were digested with 
Balll. dephosphorylated and extracted with phenol/ 
chloroform. The 2.6 kb HIS4 -containing fragment was then 
30 inserted into pEP301 by ligation of approximately 50 ng 
of the fragment to approximately 50 ng of the Bal ll- 
digested pEP301 in a total volume of 10 ill containing 
1 Ml of buffer > 1 Ml of ligase and water. Ligation was 
conducted at room temperature for 3 hrs and the ligation 
35 mix was used to transform MC1061 cells. Plasmid DNA 
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prepared from an ampicillin-resistant colony was digested 
with Balll. Sail. BglII/SaJj:, £vul/ HSfil and Kpnl to 
confirm the construction of pDR40l. The restriction 
fragment pattern was consistent with that expected for 
5 the correct plasmid pDR401 (see Figure 5) . Plasmid 

pDR401 is pUC19 with the P. pastoris HIS4 gene inserted 
at the unique Bglll site within the PEP4 structural gene, 

thus disrupting it. 

B. Transformation of EIS4 P. pastor is Strain GS11S 
10 with a Fragment of PDR4 01 

In order to create a PEP4 strain of P. pastoris, the 

HIS4 PEP4 P. pastoris strain GS115 (ATCC 208 64) was 

transformed with 20 fig of the 5.3 kb EcoR I/ Sac I fragment 

of pDR401 according to the spheroplast method (see US 

15 patent 4,879,231). This fragment of pDR401 consists of 
the HIS4 gene-containing defective PEP4 gene. 
Transformant strains resulting from this type of 
integration are prototrophic and can be distinguished 
from untransformed cells on this basis. The frequency of 

20 transformation was approximately 10 3 Aig -1 DNA. 

C. Characterization of Transf ormants 

1. Analysis of transformant carb oxypeptidase Y 

activities 

His + transformants were subsequently analyzed for 
25 carboxypeptidase Y activity using a colony overlay 
colorimetric screening procedure [see Jones, E. in 
Genetics 85_: 23-33 (1977)]. In this assay, the His + 
transformant cells were released from the transformation 
agar plates and grown on YEPD (yeast extract, 1% peptone, 
30 2% dextrose and 2% agar) plates at a density of "300 

colonies per plate. The plates were overlayed with 0.6% 
agarose containing 40% dimethylf ormamide (DMF) to 
permeabilize the cells, and 1.2 mg/ml of the substrate 
APNE (N-acetyl DL phenylalanine /S-naphthyl ester). 
35 Because the cells were permeabilized, some of the 
vacuolar content of the cell was accessible to the 
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reagent APNE. After the agarose overlay had solidified, 
the plates were soaked in a solution of 5 mg/ml Fast 
garnet salt. APNE is cleaved by the esterolytic activity 
of carboxypeptidase Y. The products of this reaction 
5 bind the fast garnet salt to produce a red color in the 
colony. Colonies lacking carboxypeptidase Y activity do 
not bind the salt and therefore stain less intensely than 
do colonies that possess this activity. PEP 4* colonies 
developed a red/pink center during the first 10-15 
10 minutes after exposure to the garnet salt. In contrast, 
colonies defective at the PEP4 locus were slow to develop 
this color and were distinguished as pink relative to the 
red PEP4 + colonies. Colonies that appeared to have low 
carboxypeptidase Y activities based on the results of 
15 this assay ( i.e. . colonies that failed to develop a 
strong red color indicative of PEP4 + colonies) were 
isolated, transferred to a master plate, subcultured 
along with control colonies and re-screened using the 
overlay assay. Twenty colonies which again failed to 
20 develop a strong red color were selected for analysis by 
Southern blot hybridization to determine if the PEP4 
locus of these transformants had been disrupted by 
integration of the fragment of vector pDR401. 

2. Southern blot hybridization analysis 
25 Genomic DNA was extracted from 20 trans f ormant 

strains that exhibited low carboxypeptidase activity , 
designated pl-p20, and digested with SacI and EcoR I . This 
procedure should liberate the HIS 4 —containing defective 
PEP4 gene as the 5.3 kb EcoRI /SacI fragment that was used 
30 to transform the strains. Two Southern blot filters were 
prepared from these digested DNAs ; one blot was probed 
with a radiolabeled 1.4 kb Xbal/EcoRV fragment from 
pEP301 (see Fig. 4) , which contained a portion of the 
cloned P. pastoris PEP4 gene and the other blot was 
35 probed with a radiolabeled 2.6 kb Bal l I fragment of 
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pDR401 containing the HIS4 gene. Control DNA from the 
transformation host strain GS115, which had been digested 
with SacI and EcoRI, was included in this analysis for 
comparative purposes. 
5 Digestion of genomic DNA from GS115 with Sac I and 

EcoR I yielded a 2.9 kb fragment that hybridized to the 
portion of the PEP4 gene contained in the radiolabeled 
Xbal/EcoRV fragment of pEP301. In contrast, this probe 
hybridized to fragments of a different size in 

10 SacI/EcoRI-digested DNA from 19 of the 20 transf ormants 
analyzed. Only DNA from strain pl7 yielded a 
hybridization pattern identical to that of DNA from the 
parental strain. The remaining 19 strains lacked a 2.9 
kb hybridizing fragment characteristic of an undisrupted 

15 PEP4 locus and contained an approximately 5.3 kb fragment 
and/or larger fragments that hybridized to the PEP4 gene 
probe. The 5.3 kb fragment was the same size as the 
transforming DNA released from vector pDR401 upon 
digestion with Sac I and EcoR I . 

20 The results of Southern blot hybridization of DNA 

from strains pl-p!6 and p!8-p2 0 revealed that these 
strains contained a defective PEP4 gene with an intact 
HIS4 gene therein, and that the PEP4 locus of the strains 
had been disrupted. Strain pl3 was grown in a one-liter 

25 fermentation, as described in Example III, in order to 

analyze the proteolytic activity of the broth of a larger 
culture of a PEP4 strain of P. pastorls . 

3. Analysis of the transf ormant protein ase A 

activities 

30 a. Protocol 

The proteinase A activities of eight transf ormant 

strains were evaluated using an enzyme assay based on the 

method of Jones et al. [ Genetics 102.: 655 (1982)]. 

Several control strains were also evaluated in this 
35 assay: PEP4 and PEP4 strains of 5. cerevisiae (strains 

DBY747 and 20B12, respectively, from the Yeast Genetic 
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Stock Center, University of California, Berkeley, CA) and 
a PEP4 wild-type strain of P. pastor Is (strain NRRL 
Y-1143 0 from the Northern Regional Research Center, 
Peoria, IL) . ' . 

5 Proteinase A is a vacuolar enzyme responsible for 

the aspartyl protease activity encoded by the PEP4 gene 
in S. cerevlslae - The procedure used to evaluate the 
proteinase activities of transformant cell extracts is 
based on the measurement of proteinase A-mediated release 
10 of amino acids from acid-denatured hemoglobin. 
Transformant cell extracts were incubated with 
acid-denatured hemoglobin, and the proteinase A activity 
present in the extract was determined by estimating the 
difference in the amount of amino acid released at time 
15 zero and after 90 minutes of incubation. 

Cultures of the S. cBrevisiae control strains DBY747 
(PEP4) and 20B12 (PEP4) , the PEP4 P. past oris strain NRRL 
Y-11430 and the experimental PEP4 strains of P. pastor is 
were grown to stationary phase in YEPD medium. Cultured 
20 cells (20 ODgoo units) were washed in 10 mM sodium azide 
arid then lysed in 400 /il of 100 mM Tris, pH 7.5, by 
vortexing the cells with acid-washed glass beads for one 
minute. The lysed cells were centrifuged in Eppendorf 
tubes for 10 minutes to remove cell debris. The 
25 supernatant obtained after cehtr if ugat ion (crude extract) 
was then examined for proteinase A activity as follows. 
Acid-denatured 1% hemoglobin (400 fxl) was added to 50 /xl 
of crude extract and incubated for 90 minutes at 37 °C. 
Reactions were stopped by the addition of 0.2 ml of 1 N 
30 perchloric acid. Insoluble material was removed by 

centrifugation, and 200 pi of 0.31 M NaCl was added to 
200 fil of supernatant. A 40 /xl aliquot of this solution 
was then assayed using the Pierce BCA protein assay kit 
(see, for example, US Patent No. 4,839,295) for free 
35 amino acids. The amount of free amino acids present in 
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the sample that had been incubated for 90 minutes was 
compared to the amount present in a blank which consisted 
of a sample of a reaction mixture that was stopped at 
zero minutes. The relative difference in free amino 
5 acids between these two samples is a measure of 
proteinase A activity. 

b. Results 

The results of proteinase A assays of control and 
transformant strains (see Table I; AOD is a measure of 

10 the concentration of free amino acids in the sample) 
indicate that the proteinase A activity of the PEP4 
strain of S. cerevisiae represents only 10% of that of 
the PEP4 strain of S. cerevisiae. Similarly, the 
proteinase A activities of the PEP4 transformant strains 

15 (strains pi, p2, p5, p8, pl3 , pl6 and p20) also are only 

approximately one-tenth of that of the PEP4 strain of S. 

cerevislae. The PEP4 wild-type strain of P. pastoris 

displayed approximately half of the proteinase A activity 

of the PEP4 strain of S. cerevisiae. 

20 TABLE I 

PROTEINASE A ASSAY RESULTS 



Strain 


Phenotvoe 


AOD /ua Drotein 


DBY747 (S. cerevisiae) 


PEP4 + 


28.1 


20B12 (S. cerevisiae) 


PEP 4' 


2.7 


P. pastoris control 


PEP4 + 


13.1 


(NRRL Y-11430) 


P 13 


PEP4- 


3.3 


p20 


PEP4' 


4.2 


P 17 


PEP4 + 


(?) 7.5 


pl6 


PEP4" 


0 


pl6 


PEP 4' 


0 


P 13 


PEP4- 


3.3 


P 8 


PEP4- 


3.3 


p5 


PEP 4' 


5.0 


P 2 


PEP 4' 


6.6 


Pi 


PEP 4' 


6. 0 
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The data obtained in proteinase A assays of PEP 4 
P. pastorls strains generated by transformation of a PEP4 
strain with a defective PEP4 gene are consistent with the 
results of Southern blot analyses of DNA from these 
5 transf ormants which indicate that the PEP4 locus of the 
transf ormants was disrupted upon transformation. 
EXAMPLE III5 FERMENTATION OF A PEP4 STRAIN OF P. PASTORIS 
A. Procedure 

A PEP 4 strain of P. pastorls, p!3 , generated by 
10 transformation of strain GS115 with a defective PEP4 

gene-containing SacI/EcoRI fragment of vector pDR401, was 
grown in a one-liter fermentation according to a three- 
phase protocol consisting of a glycerol batch growth 
phase, a limited glycerol fed-batch phase and a methanol 
15 fed-batch phase as follows. 

A two- liter fermentor was autoclaved with 1000 ml of 
minimal salts medium (21 ml 85% phosphoric acid, 0.9 g 
calcium sulfate 2H 2 O f 14.3 g potassium sulfate, 11.7 g 
magnesium sulfate and 3-2 g potassium hydroxide) and 2% 

20 glycerol . After sterilization, 4 ml PTM r trace salts 
solution (6 g/1 cupric sulf ate*5H 2 0, 0.8 g/1 sodium 
iodide, 3 g/1 manganese sulfateH 2 O r 0.2 g/1 sodium 
mplybdate-2H 2 0, 0.02 g/1 boric acid, 0.5 g/1 cobalt 
chloride, 20 g/1 zinc chloride, 65 g/1 ferrous 

25 sulfate H 2 0, 0.2 g/1 biotin and 5 ml sulfuric acid) were 
added to the fermentor and the pH was adjusted to 5 with 
concentrated NH 4 0H. The pH of the medium was maintained 
at 5 by addition of 50% NH 4 OH containing 0.1% Struktol 
J673 antifoam. Inocula were prepared from buffered yeast 

30 nitrogen base (YNB) glycerol plates (phosphate-buffered 

YNB, 2% glycerol, 2% agar) and grown overnight at 30°C in 
phosphate-buffered YNB (11.5 g/L KH 2 P0 4 , 2 . 66 g/L K 2 HP0 4 , 
0.67% yeast nitrogen base, pH 5) containing 2% glycerol. 
The fermentor was inoculated with 10-50 ml of the 

35 cultured cells which had grown to an OD^ of 1-8 , and the 
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batch growth regimen was continued for approximately one 
day until glycerol was exhausted. At the point of 
glycerol exhaustion, as indicated by increased dissolved 
oxygen, a glycerol feed (50% glycerol plus 12 ml/L of 
5 PTMj) was initiated at 10 ml/h and continued until 40 ml 
of glycerol feed had been added. After termination of 
the glycerol feed, a methanol feed (100% methanol plus 12 
ml/L PTMj) was started at an initial rate of approximately 
2 ml/h. After 3 hours, the methanol feed rate was 

10 increased to 6 ml/h. The methanol feed rate was 
maintained at 6 ml/h for 12-18 hours and was then 
increased to 10 ml/h and maintained at 10 ml/h for the 
duration of the fermentation. The vessel was harvested 
after 4 00 ml of methanol had been added to the fermentor. 

15 B» Sample Preparation 

Samples (15 ml aliquots) of the fermentor culture 
were removed from the fermentor at various time intervals 
throughout the course of the fermentation. Aliquots of 
each sample were centrifuged at 6500 x g for 5 minutes to 

20 separate broth and cells. The levels of the NH 4 OH, 

antifoam, glycerol, and methanol reservoirs were recorded 
at these time points. Methanol and ethanol 
concentrations in the supernatant were determined by gas 
chromatography using a PorapakQ column (Alltech) . 

25 In addition, the wet weight of the culture was 

determined as an indicator of cell growth in the 
fermentor. For this purpose, a one ml aliquot of the 
fermentor culture was centrifuged for four minutes in a 
microfuge, the supernatant was decanted, and the wet 

3 0 pellet was weighed. 

C. Results 

Growth of the PEP4 strain of P. pastorxs pl3 in a 
one-liter fermentation was monitored by determining the 
wet cell weight of the fermentor culture (in g/1) at 
35 various times during the fermentation. A time course of 
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the growth of strain pi 3 during the methanol fed-batch 

phase of the fermentation , when compared with the time 

course of the growth of the HIS4 PEP 4 strain G+PAO804H2 

(generated by transformation of the HIS4 PEP 4 P. pastoris 

5 strain 6S115 with an expression vector containing the 

wild-type HIS4 gene) during a similar one liter 

fermentation, demonstrates that the growth capabilities 

of the PEP4 strain of P. pastoris are comparable to those 

of a PEP 4 strain. 

10 EXAMPLE IV: ANALYSIS OF THE PROTEOLYTIC ACTIVITY OF THE 
BROTH OF A PEP4 STRAIN OF P» PASTORIS GROWN IN A 
ONE-LITER FERMENTATION 

To determine if disruption of the P. pastoris PEP4 

gene was associated with a change in the proteolytic 

15 activity of the broth of P. pastoris , the proteolytic 

activities of the broths from one-liter fermentations of 
a PEP4 strain, strain pl3 , and a PEP 4 strain were 
compared . In this study, two different peptides, 
epidermal growth factor (EGF; a recombinantly synthesized 

20 molecule consisting of the first 52 amino acids of the 

authentic 53 amino acid EGF molecule, as described in US 
patent application Serial No. 323,964) and growth hormone 
releasing factor (GRF ; recombinantly synthesized as 
described in EP 206783) were separately incubated at room 

25 temperature in cell-free broth from the one-liter 

fermentation of the PEP4 P. pastoris strain pl3 , and in 
the cell-free broth from a similar one-liter fermentation 
of the HIS4 PEP 4 P. pastoris strain G+PA0804H2. After 
incubation for a specified period, aliguots of each 

30 incubation mixture were examined by reverse phase high 
performance liquid chromatography (HPLC) , described 
below, to determine the amount of intact peptide 
remaining in each sample and thereby determine the extent 
of proteolytic degradation of the peptide. 
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A. Reverse-Phase High-Performance Liquid 
Chromatography (HPLC ) 

The reverse-phase HPLC system used in the analysis 

of EGF and GRF peptides in buffer and broth from 

5 fermentations of P. pastor is strains included a Waters 

600 (Bedford, MA) solvent delivery system, Waters Model 

481 Lambda Max variable wavelength detector. Wisp 710B 

autoinjector and a Shimadzu Chrom-Pac integrator (Cole 

Scientific, Moorepark, CA) . Samples of broth from the 

10 fermentations of the PEP4 P. pastoris strain pl3 and the 
HIS4 PEP4 P. pastoris strain G+PAO804H2 were diluted 1:10 
in 0.1 M sodium phosphate, pH 5.0. Fifteen microliters 
of concentrated GRF stock was added to 285 fMl of diluted 
broth and incubated for four hours. A similar dilution 

15 of GRF stock in the phosphate buffer was also incubated 
for four hours as a control. Sixty microliters of EGF 
stock were added to 240 til of diluted broth or buffer and 
incubated for eight hours. Samples of each incubation 
mixture were separately injected into a Waters Bondapak 

20 C18 reverse phase column. The peptides were eluted from 
the column in a 2 0-minute linear gradient of 20-60% 
mobile phase B (95% acetonitrile, 5% water, 0.1% 
trif luoroacetic acid). Mobile phase A (0.1% 
trif luoroacetic acid) was used to dilute mobile phase B 

25 in preparing the elution gradient. 

B. Results 

The amount of intact peptide (of the EGF or GRF 
molecules that were incubated in the fermentation broth 
of the PEP4 P. pastoris strain pl3 and the broth of the 

30 PEP4 P. pastoris strain G+PAO804H2) was evaluated by 
comparing chromatograms obtained in HPLC analyses of 
intact EGF or GRF contained in 0.1 M sodium phosphate 
buffer, pH 5.0, and of EGF or GRF contained in broth. 
Chromatograms from HPLC analyses of the standard intact 

35 peptides consist of a major peak reflecting the amount of 
the standard peptide present in the sample and the 
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retention tiae characteristic of the peptide. In 
contrast; proteolytic fragments of either peptide are 
retained on the HPLC column for varying lengths of time 
that differ from the retention time associated with the 
5 intact peptide. Therefore, chromatograms from HPLC 

analysis of proteolytic fragments of either peptide (EGF 
or GRF) differ from chromatograms generated in HPLC 
analyses of intact peptides in terms of the number and 
sizes of the peaks and the retention times associated 
10 with the fragmented species. Based on these differences/ 
it was possible to estimate the amount of intact EGF or 
GRF peptide in the broth incubation samples 

Based on HPLC analyses of GRF and EGF samples 
incubated in PEP4 P. pastoris control broth, it has been 
15 determined that less than 10% of each of the two peptides 
remains intact after incubation in broth from the 
fermentation of the PEP4 strain G+PAO804H2. In contrast, 
the level of proteolytic degradation of these peptides in 
the broth of the PEP4 P. pastoris strain is significantly 
20 less than that in the broth of the PEP 4 strain (GRF 

remained >60% intact , even after 4 hr incubation; EGF 
remained >90% intact, even after 8 hr incubation). These 
data demonstrate that disruption of the PEP4 gene of P. 
pastoris results in a substantial reduction of the 
25 proteolytic activity in the broth of the strain. 

EXAMPLE V: ISOLATION OF THE P. PASTORIS URA3 GENE 

The P. pastoris DRA3 gene was identified in a 
plasmid (YEpl3) -based Pichia genomic library by its 
ability to complement the pvrF mutation (corresponding to 
30 a defect in the orotidine monophosphate decarboxylase 

activity) in E. coli strain CSH-28. The P. pastoris VRA3 
gene was cloned by isolating colonies of E. coli strain 
CSn-28 that had been transformed with library DNA and 
were capable of growth on media lacking uracil. 
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A. F. pastoris YEp13 Genomi c DNA Library 
Plasmid YEpl3 [Broach et al. , Gene 8: 121-133 

(1979)] is a convenient shuttle vector that contains an 
origin of replication for both S. csrevisiae (2/x 
5 replicon) and E. coli (pBR ori) . In addition, YEpl3 

contains the Amp R (ampicillin resistance) gene for use as 
a selectable marker for transformation of E. coli and the 
LEU2 gene (a leucine biosynthetic pathway gene) for use 
as a selectable marker in S. cerevisiae. A P. pastor Is 
10 (strain NRRL Y-1143 0) genomic DNA library has been 

prepared using plasmid YEpl3 , as described by Cregg et 
al. f Mol. Cell. Biol. 5: 3376-3385 (1985)]. 

B. Screening of the P. pastoris YEpl3 Genomic DNA 
Library for the URA3 Gene 

15 The pyrF E. coli strain CSH-28 [see Miller, J. H. , 

in Experiments in Molecular Genetics , Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, New York (1972)] is 
defective for orotidine-5 ' -phosphate decarboxylase 
activity and requires uracil when grown on defined 

20 medium. It has been demonstrated that the S. cervisiae 
URA3 gene can complement the pyrF mutation in E. coli 
[Rose, M. , Grisafi, P. and Botstein, D. Gene 29 : 113-124 
(1984)]. Therefore, E. coli strain CSH-28 was 
transformed with DNA from the P. pastoris YEpl3 genomic 

25 DNA library in order to screen the library for the P. 
pastoris UEA3 gene capable of complementing the pyrF 
mutation of the strain. 

Transformed CSH-28 cells were plated onto a semi- 
defined medium which did not contain uracil. 

3 0 Untransformed cells would not grow on this medium. 
CSH-28 transformants (transformed with P. pastoris 
genomic library DNA) capable of growing on plates lacking 
uracil arose at a frequency of -lO/^g of transforming 
DNA. Plasmid DNA was isolated from ten of the 

3 5 transformants that did not require uracil for growth. 
These plasmids were used to transform E. coli strain 
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CSH-28, and ten of ten plasmids complemented the uracil 
auxotrophy of this strain at high frequency. One of the 
selected transf ormants generated by transformation of 
CSH-28 with P. pastorxs genomic library DNA harbored a 
5 9.0 kb insert that contained a 6.6 kb SphI fragment. The 
6.6 kb SphI fragment was subcloned into the SphI site of 
pUC19 for further analysis. 

Plasmid DNA from this trans formant was digested with 
SphI and subjected to electrophoresis on a 0.6% agarose 
10 gel. The 6.6 kb fragment was isolated using DE81 paper 
and was e luted from the paper with 400 /xl of 1 M NaCl. 
DNA was extracted with 400 Ml of phenol /chloroform and 
precipitated with ethanol. The 6.6 kb fragment was then 
liga ted with 10 ng of alkaline phosphatase-treated , 
15 SphI -digested pUC19 . The ligation mixture was used to 
transform E. coli MC1061 cells. Ampicillin-resistant 
transf ormants were screened by analysis of restriction 
enzyme-digested colony DNA for the presence of a 6.6 kb 
SphI fragment. The correct plasmid was called pPU2 01. 
20 Plasmid pPU2 01 was used to transform CSH-28 and was able 
to complement the uracil auxotrophy of this strain. 

C, Characterization of the Insert in Plasmid pPUZOl 
A map of the restriction enzyme recognition sites of 
the 6.6 kb insert of P. pastor is DNA in plasmid pPU20l 
25 (Figure 6) was prepared by digesting pPU201 with a 

variety of enzymes and analyzing the resulting fragments 
using a DNA length computer program (MapSort; University 
of Wisconsin Genetics, Madison, WI) to determine the 
approximate sizes of the fragments. In order to 
30 delineate the URA3 gene contained in the 6.6 kb insert of 
pPU201, a 5 ng aliquot of each restriction enzyme digest 
of pPU201 was separated by electrophoresis on a 1% 
agarose gel, transferred to nitrocellulose, and probed 
with a radiolabeled 1.3 kb Bgl l'l fragment of the 
35 C. tropicalis URA3A gene (see PCT Publication No. WO 
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90/09449) - The filters were hybridized to the probe at 
27°C using a solution containing 25% formamide, 6x SSC, 
5x Denhardt's solution, 20 mM Tris-HCl, pH 8.0, 1 mM 
EDTA, 0.1% sodium dodecyl sulfate (SDS) and 100 /*g/ml 
5 salmon sperm DNA. After hybridization, the filters were 
washed three times at room temperature using Ix SSC and 
1% SDS for 5-10 minutes per wash, and then washed twice 
with 0.5x SSC and 0.5% SDS at 45°C for 10 minutes per 
wash. These low stringency conditions permitted 

10 hybridization between divergent URA3 gene sequences. 
Additional samples of each digest of pPU20l were 
separated on an identical 1% agarose gel and stained with 
ethidium bromide for comparison of hybridizing and non- 
hybridizing fragments. Comparison of the hybridizing 

15 fragments and the restriction map of pPU201 made it 
possible to localize the URJL3 gene in pPU201 to the 
approximately 1.3 kb Ncol-Sall fragment as shown in 
Figure 6. With this knowledge, it was then possible to 
construct subclones suitable for sequencing and further 

20 characterization of the P. pastor is URA3 gene. 

Plasmid pPU202 (Figure 7) was constructed by 
digesting pPU201 with EcoRV and PstI, isolating the 
approximately 4.0 kb fragment containing the URA3 gene, 
and ligating it into pUC19 at the Sma l and Pst I sites. 

25 Plasmids pPU203, pPU205 and pPU206 (Figures 8-10) were 
constructed by digesting pPU202 with Sad , Kpnl and 
EcoRI, respectively, and then religating in a large 
volume (200 Ml)* Because there is a recognition site for 
each of these enzymes in the cloned P. pastoris genomic 

30 insert DNA fragment as well as the pUC19 polylinker of 

pPU202, this strategy allowed for the convenient removal 
of DNA between these sites in pPU202. The resulting 
plasmids were then used to transform E. coll strain CSH- 
28 to determine whether or not each deletion construct 

35 could complement the pvrF mutation. The results 
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indicated that PPU203 and pPU205, but not pPU206, 
contained a functional URA3 gene allowing growth of the 
pvxF strain on defined medium lacking uracil. These 
findings are consistent with the mapped position of the 
5 P. pastoris URA3 gene in pPU201. 

The subclones of the P. pastoris genomic DNA 
fragment carrying the putative URA3 gene were sequenced 
using the Sanger dideoxy method [see Sanger et al., Proc. 
Natl. Acad. Sci. USA 74: 5463-5467 (1977) ] . The sequence 

10 for the structural gene and approximately 100 bp of 

flanking sequence was determined in both directions and 
is presented in Sequence ID No. 3. The amino acid 
sequence deduced from the cloned P. pastoris URA3 gene 
(see Sequence ID No. 4) has 73% homology with the amino 

15 acid sequence deduced from the S. cerevisiae URA3 gene, 
71% homology with the amino acid sequence deduced from 
the URA3A and URA3B genes of C. tropicalis and 72% 
homology with the amino acid sequence deduced from the 
URA3 gene of Kl&uveromyces lactis. 

20 EXAMPLE VI : DEVELOPMENT OF IGP-1-EXP RESSIKS PEP4- 
DEFICTENT IPEP4'\ STRAIN S OF PICHIA 

A. Generation of IGF-I-Expressing PEP4' Strains by 
Gene Addition 

1. construction of the P. pastoris PEP4 gene 

25 disruption vector PDR421 

Plasmid pDR421 was constructed for use in the 
development of PEP4 -deficient (PEP4') strains of Pichia 
pastoris by disruption of a host PEP4 gene through 
addition of an incomplete PEP4 gene to the endogenous 

30 PEP4 locus. This vector contains an internal portion of 
the PEP4 gene, which, when used to transform PEP4 strains 
of p. pastoris, integrates into the host genome at the 
PEP4 locus to generate two incomplete and nonfunctional 
copies of the PEP4 gene. 

35 In order to generate the disruption vector pDR421, 

the URA3 gene of Pichia was cloned into vector pEP2 05 
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( consisting of pUC19 sequences and the portion of the 
PEP4 gene contained in the -450 bp BamHI fragment derived 
from pEP2 02) . This was achieved by subcloning the URA3 
gene from pPU205 (see Figure 9) as a 2 kb Soe l- Sph l DNA 
5 fragment into the Xba l- Sph I sites of pEP205 (see Fig. 3)* 
Plasmid pPU205 was digested with Spe l and Sphl and 
the reaction mixture was separated on a 0.8% agarose gel. 
The 2 kb DNA fragment containing the URA3 gene was 
isolated from the gel using DE81 paper, eluted and 

10 purified. Plasmid pEP205 was digested with Xba l and 

Soh l. The 2 kb URA3 gene-containing Spe l- Sph I fragment 
isolated from pPU2 05 was ligated to Xbal / Sph I -digested 
pEP205 and the mixture was used to transform E. coli 
strain MC1061 to ampicillin resistance. Ampicillin- 

15 resistant colonies were screened by analysis of 

Bam HI / Sph I restriction enzyme-digested colony DNA for the 

presence of 2.7 kb, 0.4 kb and 1.9 kb diagnostic 

fragments. A transf ormant was found to harbor a plasmid 

with the correct DNA construct called pDR421 (Figure 11) . 

20 2 . Transformation of an IGF-l-expressing URA3 

P» pastojris strain (IGF-U) with pDR421 

The URA3 IGF-l-expressing strain of P. pastor is , 

IGF-U, was transformed with pDR421 to generate PEP4' , 

IGF-l-expressing strains of P. pastoris. 

25 a. Generation of IGF-U 

5-Fluoro-orotic acid (5-FOA) is an analog of a 
uracil biosynthetic pathway intermediate that, when 
metabolized by Ura + strains, yields a toxic compound. 
Because the uracil biosynthetic pathway of Ura* strains is 

30 blocked at certain steps, these strains do not metabolize 
5-FOA (to produce a compound toxic to the cells) and are 
therefore 5-FOA resistant. In contrast, Ura + strains 
metabolize 5-FOA and cannot survive on 5-FOA-containing 
medium. Therefore, plating cells on 5-FOA-containing 

35 medium can be used as a method to generate Ura" strains by 
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spontaneous mutation [see, for example, Boeke et al. , 
Mol. Gen. Genet. 197 : 345-346 (1984) ] . 

A URA3' derivative of the IGF— 1— producing strain 
G+IMB206S1 [for a description of this strain, see 
5 commonly assigned U.S. Patent Application Serial No. 
07/578,728, filed September 4, 1990, which is hereby 
incorporated by reference herein in its entirety] was 
generated by direct plating of -5 x 10 7 cells this strain 
into 5-FOA-containing medium supplemented with uracil 
10 (0.67% yeast nitrogen base, 2% agar, 2% glucose, 750 mg/1 
of 5-FOA and 48 mg/1 of uracil) . After one week of 
incubation at 30 °C, a colony, designated IGF-U, growing 
on the plate was isolated. This colony, which required 
uracil in order to grow, was unable to complement a VRA3 
15 strain of Pichia pastoris. 

b. Transformation of IGF-U 
Approximately 20 MS of pDR421 was digested with 
Bal ll was used to transform IGF-U using the standard 
spheroplast transformation procedure. Trans f ormants were 
20 selected by their ability to grow in the absence of 
uracil over a 6 day period. 

3. Characterization of transf oraants 

a. Analysis of transf ormant carboxypeptidase Y 

activities 

25 Ura + transf ormants were subsequently analyzed 

for carboxypeptidase Y activity using a colony overlay 
color imetric screening procedure, as described in Example 
II. Colonies of Ura + transf ormants that appeared to have 
low carboxypeptidase Y activities based on the results of 

30 this assay (i.e., colonies that failed to develop a 
strong red color indicative of PEP4+ colonies) were 
isolated, transferred to a master place, subcultured 
along with control colonies and rescreened using the 
overlay assay. One colony which again failed to develop 

35 a strong red color was called M+IMB206S1. 
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b. xn&lvais of intact TGF-1 expressi on levels 
of an iGF-l-amresaina PBP4 strai n of P. pastoris grown 
in one- and ten-liter fermentations 

i. Fermentation of a n TGF-i-expressing 
5 PEP4 stra in of P. pastoris 

An IGF-l-expressing PEP4 strain of P. pastoris, 
M+IMB206S1, generated as described in Example VI.A.2.b., 
was grown in one- and ten-liter fermentations according 
to a three-phase protocol consisting of a glycerol batch 

10 growth phase, a limited glycerol fed-batch phase and a 

methanol fed-batch phase. In order to compare the intact 
IGF-1 expression levels of PEP4 and PEP4 IGF-l-expressing 
strains of P. pastoris, two PEP4 strains of P. pastoris, 
G+IMB204S14 and G+IMB206S1, containing four and six 

15 copies of an IGF-1 gene expression cassette, respectively 
(see, U.S. application Serial No. 07/578,728), were also 
grown in comparable fermentations as follows. 

one-liter fermentation protocol 
A two-liter fermentor (Biolafitte, Princeton, NJ) 

20 was autoclaved with 900 ml of minimal salts medium (21 ml 
85% phosphoric acid, 0.9 g calcium sulf ate2H 2 0, 14.3 g 
potassium sulfate, 11.7 g magnesium sulfate, and 3.2 g 
potassium hydroxide) and 30 g of glycerol. After 
sterilization, 4 ml PTMi trace salts solution (6 g/1 

25 cupric sulfate-5H 2 0, 0.08 g/1 sodium iodide, 3 g/1 

manganese sulfateH 2 0, 0.2 g/1 sodium molybdate2H 2 0 , 
0.02 g/1 boric acid, 0.5 g/1 cobalt chloride, 20 g/1 zinc 
chloride, 65 g/1 ferrous sulf ate H 2 0, 0.2 g/1 biotin and 
5 ml sulfuric acid) were added to the fermentor and the 

30 pH was adjusted to 5 with concentrated NH 4 0H. The pH was 
controlled by addition of 50% NH«OH containing 0.1% 
Struktol J673 antifoam (added to control foaming) . The 
temperature was maintained at 3 0 e C, and dissolved oxygen 
was maintained above 20% of saturation by increasing 

35 agitation, aeration, or the supplementation of the air 
feed with oxygen. 
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Inocula were prepared from cells grown overnight at 
30°C in buffered YNB containing 2% glycerol. The 
fermentor was inoculated with 40-70 ml of the cultured 
cells which had grown to an OD^ of 2-8, and the batch 
5 growth regimen was continued for 18-24 hours until 
glycerol was exhausted . At the point of glycerol 
exhaustion, indicated by an increase in dissolved oxygen 
concentration, a glycerol feed (50% w/v glycerol plus 12 
ml/L PTMi) was initiated at 10 ml/hr. In pH 5.0 
10 fermentations, the pH of the culture was maintained at 5 
throughout the fermentation. In low pH fermentations 
(i.e., pH 2.8 or pH 3.5) , the set point of the pH 
controller was adjusted to the desired pH after 
initiation of the glycerol feed. After four hours, the 
15 pH of the culture decreased to the set point value as a 
result of cellular metabolism. This lower pH was then 
maintained throughout the remainder of the fermentation. 
The glycerol feed was then terminated and a methanol feed 
(100% methanol plus 12 ml/L PTM,) was initiated at a rate 
20 of 2 ml/hr. After three hours of methanol feeding, the 

feed rate was increased to 6 ml/hr and maintained at this 
rate for the remainder of the fermentation. The vessel 
was harvested 72 hours after initiation of the methanol 
-feed.. ;. 

25 The fermentation was monitored in terms of NH 4 0H, 

antifoam, glycerol, methanol, ethanol, and wet cell 
weight levels as described in Example III. Broth and 
cell samples were collected throughout the fermentation 
as also described in Example III. 

30 Ten-liter fermentation protocol 

A 15- liter fermentor containing 3.5 liters of 10X 
basal salts (42 ml 85% phosphoric acid/1, 1.8 g calcium 
sulf ate-2H 2 0/l, 28. 6 g potassium sulfate/1, 23.4 g 
magnesium sulfate/1, 6.5 g potassium hydroxide/ 1 ) and 

35 220 g glycerol in a total volume of 5.5 liters was 
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sterilized. After the fermentor had cooled, 24 ml PTMj 
trace salts were added and the pH was adjusted to 5.0 
with the addition of 28% ammonium hydroxide. The pH was 
controlled by the addition of the same solution. Foaming 
5 was controlled with the addition of a 5% solution of 

Struktol J673. Temperature was maintained at 30°C, and 
dissolved oxygen was maintained above 20% of saturation 
by increasing agitation, aeration, reactor pressure or by 
supplementation of the air feed with oxygen. Inocula 

10 were prepared from P. pastor is cells grown overnight in 
buffered yeast nitrogen base (YNB; 11.5 g/L KH 2 P04, 
2.66 g/L K 2 HP0 4 , 6.7 g/L yeast nitrogen base, pH 6) 
containing 2% glycerol. The fermentor was inoculated 
with 500-700 ml of the cultured cells which had grown to 

15 an ODeoo of 2-8, and the batch growth regime was continued 
for 18-24 hours. At the point of glycerol exhaustion, 
indicated by an increase in dissolved oxygen 
concentration, a glycerol feed (50% w/v glycerol plus 
12 ml/L PTMj ) was initiated at 100 ml/hour and continued 

20 for 4 hours. The glycerol feed was then terminated and a 
methanol feed (100% methanol plus 12 ml/L PTM a ) was 
initiated at 20 ml/hr. With the initiation of the 
methanol feed, the set point of the pH controller was 
adjusted to 2.8. The pH then gradually decreased to the 

25 set point value as a result of cellular metabolism. 

After 4 hours of methanol feeding, the methanol feed rate 

was increased to 60 ml/hour and maintained at this rate 

for a total of approximately 72 hours, at which point the 

vessel was harvested. 

30 ii. IGF-l expression levels of PEP4 and 

PEP4 IGF-l-expressinq strains 

One of the several forms of IGF-l produced in 

fermentations of recombinant IGF-l-secreting strains of 

P. pastoris is a nicked species consisting of two or more 

35 fragments of the IGF-l molecule held together by 



WO 92/17595 



PCT/US92/02521 



-52- 

disulfide bonds. The fragments are generated by 
proteolytic cleavage of one or more peptide bonds of the 
amino acid backbone of the IGF-1 molecule. Although 
nicked and intact IGF-1 molecules are indistinguishable 
5 on the basis of apparent molecular weight [under non- 
reducing conditions , as determined by SDS-polyacrylamide 
gel electrophoresis (SDS-PAGE) ] , these species can be 
resolved by reverse phase HPLC under non-reducing 
conditions and by SDS-PAGE under reducing conditions 
10 (i.e., in the presence of a reducing agent such as 
dithiothreitol) . Reduction of the disulfide bonds 
holding the fragments of nicked IGF-1 together results in 
liberation of the individual proteolytically generated 
IGF-1 fragments which have smaller molecular weights than 
15 the intact molecule. 

Quantitation of IGF-1 expression levels 
The yields of nicked and authentic (intact, 
correctly folded, monomer ic) IGF-1 in the cell-free broth 
were determined by quantitative reverse phase HPLC. The 
20 HPLC system that was used was the same as that described 
in Example IV, except a Vydac C4 column (0.46 x 5 cm) was 
employed instead of a C18 column. A 1% /minute gradient 
of 25-42% mobile phase B was passed through the column 
during a period of 17 minutes at a flow rate of 1 
25 ml /minute to elute samples from the column. The detector 
was set at 0.05 absorbance units full scale (AUFS) , and a 
wavelength of 215 nm was used for maximum sensitivity. 

To distinguish the authentic and nicked IGF-1 
species in P. pastoris broth by HPLC, it was necessary to 
30 clean-up the broth by removing some endogenous 

P. pastoris contaminants from the broth prior to loading 
broth samples onto the HPLC column. This was 
accomplished by passing the broth through a sulphopropyl- 
based cation exchange resin contained in a 0.25 ml 
35 column. The resin was first washed with 2 ml of 0.2 M 
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acetic acid, then equilibrated with 2 ml of 0.02 M acetic 
acid. A volume of crude cell-free broth (1 ml) was 
loaded onto the column which was then washed with 1 ml of 
0.02 M acetic acid. The IGF-1 was eluted with 2 ml of 
5 0.02 M sodium acetate, pH 5.5, plus 1 M NaCl. The first 
1 ml of eluate contained 75-80% of the total IGF-1 and 
was usually the only elution volume collected. The 
column was then regenerated by washing with 2 ml of 100% 
methanol and thereby available for re-use. 

10 In order to guantitate the levels of Pichia-produced 

IGF-1, known amounts of standard IGF-1 (Amgen, Thousand 
Oaks, CA) were injected into the HPLC column and the area 
under the corresponding peaks in the chromatograms was 
measured. A standard curve was generated by plotting 

15 area versus of IGF-1 loaded onto the HPLC column. A 
correlation coefficient for use in converting the area 
under HPLC chromatogram peaks to IGF-1 concentration was 
calculated from the standard curve. When the detector 
was set at 0.05 AUFS and a wavelength of 215 nm, the 

20 correlation coefficient was 350 units/Mg of IGF-1 

injected onto the column. Using this information, it was 
possible to determine the concentration of correctly 
folded, intact monomer ic IGF-1 present in a cleaned-up 
broth sample by measuring the area under the 

25 corresponding peak on the chromatogram from HPLC analysis 
of the sample. This correlation coefficient was also 
used to estimate the approximate concentration of the 
nicked IGF-1 species as well. However, the absolute 
concentrations of the nicked species may vary depending 

30 on differences in the specific correlation coefficients 
of intact and nicked IGF-1. 

Results of one-liter fermentations 
One-liter low pH (pH 2.8) fermentations of the PEP4 
IGF-l-expressing strain consistently yielded greater 

35 amounts of total monomeric (authentic plus nicked) IGF-1 



WO 92/17595 



PCT/US92/02521 



-54- .. 

(-200-250 mg/1) than one-liter low pH fermentations of 
the PEP4 IGF-l-expressing strains (-160-190 mg/L) . 
Furthermore, the percentage of authentic IGF- 1 in the 
broth of the PEP4 strain was somewhat higher (77%) than 
5 that in the broth of the PEP4 strains (65%) .. However, a 
much more dramatic difference in the monomeric IGF-1 
production levels of the PEP4 and PEP4 strains was 
detected in pH 5.0 fermentations of these strains. 
Essentially no IGF-1 was detected in one-liter pH 5.0 

10 fermentations of the PEP4 IGF-l-expressing strains 

G+IMB204S14 and G+IMB206S1. This result indicates that 
the authentic IGF-1 produced in fermentations of PEP 4 
strains is subjected to extensive proteolysis at pH 5.0, 
but to only limited proteolysis at lower pH. In 

15 contrast, one-liter pH 5.0 fermentations of the PEP4 IGF- 
l-expressing strain M+IMB206S1 yielded at least 200 mg of 
monomeric IGF-1 /l, approximately 80% of which was 
authentic IGF-1. The PEP4 IGF-1 -expressing strain thus 
appears to be significantly improved relative to the PEP 4 

20 IGF-l-expressing strains for production of authentic IGF- 
1 at pH 5.0 and somewhat improved for production of 
authentic IGF-1 at pH 2.8. 

Results of ten-liter fermentations 
Ten-liter fermentations of the PEP4 IGF-l-expressing 

25 strain of P. pastoris yielded greater amounts of total 
monomeric IGF-1 (-200 mg/1) than did ten-liter 
fermentations of the PEP4 IGF-l-expressing strains (-170 

The compositions of the total monomeric IGF-1 
30 produced in 10-liter fermentations of the PEP4 and PEP4 
strains also differed. Greater than 75% (164 mg/1) of 
the total monomeric IGF-1 in the 10-liter fermentation of 
the PEP 4 strain M-KEMB206S1 was authentic IGF-1, whereas 
only about 50% (88 mg/1) of the total monomeric IGF-1 in 
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the 10-liter fermentation of the PEP4 strain G+IMB204S14 
was authentic IGF-1. 

Furthermore, because the cell yield in the 
fermentation of the PEP4 strain was -30% less than the 
5 cell yield in the fermentation of the PEP4 strain/ the 

per cell yield of authentic IGF-1 was greatly enhanced in 
the fermentation of the PEP4 strain. As a consequence of 
lower cell yield in the fermentation of the PEP4 strain, 
a greater volume of cell-free broth was recovered from 

10 the fermentation of the PEP4 strain (relative to the 

volume of cell-free broth recovered from the fermentation 
of the PEP 4 strain) . This results in the recovery of 
higher levels of secreted IGF-1 from the fermentation of 
the PEP4 strains (relative to the amount of secreted 

15 IGF-1 recovered from the fermentation of the PEP4 
strain) . 

The results presented above demonstrate that the 

PEP4 IGF-l-expressing strain is improved, relative to the 

PEP4 IGF-l-expressing strain, for production of authentic 

2 0 IGF-1 on a large scale. 

B. Generation of an IGF-l-Bxpressincr PEP4 m Strain bv 
Gene Replacement 

1. construction of the P. pastorls gene 
disruption vectors PDR601 and PDR602 

25 Vectors pDR601 and pDR602 were used in the 

development of PEP4-def icient (PEP4") strains of 
P. pastorls by disruption of a host PEP4 gene through 
replacement of the endogenous PEP4 gene with a defective 
PEP4 gene. This vector was constructed in several steps 

30 as follows (see also diagram in Figure 13). 

Plasmid pEP301 (see Figure 4) , consisting of pUC19 
sequences and the cloned P. pastoris PEP4 gene from 
pEP202, was cleaved with Nco l, and the DNA was then 
precipitated with ethanol, harvested, resuspended and 

35 ligated in ligation reaction mixture. This digestion and 
ligation effectively removed an internal portion of the 
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PEP4 gene contained in an ~0 . 5 kb Ncol fragment. After 
ligation, the DNA was digested with Bgail to linearize 
any remaining parental plasmid, and the DNA was used to 
transform E. coll strain MC1061. Ampicillin-resistant 
5 colonies were selected and screened by analysis of 

restriction enzyme digests of colony DNA for the presence 
of a 0.5 kb Nco l fragment. The correct plasmid, 
containing the defective PEP4 gene lacking an -0.5 kb 
Nco l fragment, was named pDL321. A second plasmid, 

10 pUC19XX, was generated by cleaving pUC19 with Smal and 

Hin di and religating, effectively removing a portion of 
the polylinker containing the BamHI and Xba l sites. 
Plasmid pUC19XX was then cut with SacI and EcoRI and 
-10 ng was ligated with -50 ng of the Sac I /EcoRI 2.2 kb 

15 fragment of pDL32i/ which had been gel-pxirif ied and 

isolated with DE81 paper. The ligation mix was used to 
transform MC1061 cells, and ampicillin-resistant colonies 
were screened by analysis of BstEII / Xbal-digested colony 
DNA. Plasmid showing the correct digest pattern was 

20 designated pDL322. 

pDX.322 was then cut with Xba l and 10 ng were ligated 
with 10 ng of an oligonucleotide linker of the sequence 
B ■ -GTAGCGGCCG— 3 » , which destroyed the Xba l site and 
generated a unique Not ! site when ligated into the Xba l 

25 site. The ligation mix was used to transform MCI 061 

cells. Ampicillin-resistant colonies were screened by 
analysis of Notl-digested colony DNA. The correct 
plasmid was called pDL323 . 

To generate vectors pDR601 and pDR602, the Plchia. 

3 0 URA3 gene was inserted into pDL323 as follows- Plasmid 

pPU205 (see Figure 9) was digested with Pvu II and Aat I to 
liberate the URA3 gene on an approximately 2.5 kb PyuII 
fragment. The digest was separated on a 0.8% agarose 
gel. The -2.5 kb fragment was isolated from the gel 

35 using DES1 paper, eluted and purified. Plasmid pDL323 
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was linearized by cutting it with EcoRV. This linearized 
plasmid (-10 ng) was ligated with the URA3 —bearing PvuII 
fragment of pPU205 to generate pDR601 and pDR602 (see 
Figures 14 and 15, respectively), depending upon the 
5 orientation of the inserted URA3 gene. 

2. Transformation of IGF-U with PDR 601 and 

CDR602 

The URA3 IGF-l-expressing P. pastoris strain 1GF-U 
(see Example VI. A. 2. a.) was transformed with linear 

10 fragments of DNA derived from pDR601 and pDR602. The 

linear fragments contained the URA3 gene flanked on each 
side with DNA coding for a portion of the PEP4 gene. 
Homology between the ends of the fragments and the PEP4 
gene stimulated integration of the fragments at the PEP4 

15 locus resulting in a gene replacement event. Stable 
integration of either fragment into the host genome 
yielded prototrophic transformants due to the stable 
presence of the URA3 gene contained in the fragments. 
The transformation was conducted as follows: 

20 Linear DNA fragments (-4.0 kb in length) , consisting 

of the URA3 gene flanked on each side with DNA coding for 
a portion of the PEP 4 gene, were obtained by digesting 
both pDR601 and pDR602 with Not I and BstEII. The 
digested DNA (20 fig) was used to transform strain IGF-U 

25 using the standard spheroplast procedure. Ura + colonies 
isolated from transf ormants growing on regeneration 
medium and subcultured onto YEPD medium were screened for 
carboxypeptidase Y activity using the overlay procedure 
described in Example II. Colonies that did not develop a 

30 red color relative to control colonies were selected for 
analysis by Southern blot hybridization. 

3. southern blot hybridization of DMA from 
transformants 

Genomic DNA was isolated from the selected 

35 transformants using the method of Hoffman and Winston 

[Gene 57: 267-272 (1987)]. Genomic DNA from each strain 
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was digested with BstEII. This procedure liberates a 
portion of the PEP4 locus containing the region of 
integration of fragments of pDR601 or pDR6 02. Therefore, 
the size of this region is diagnostic for correct 
5 integration of the transforming DNA into the genome of 

IGF-Uw The digested DNA was subjected to electrophoresis 
on a 0.8% agarose gel and blotted to a nitrocellulose 
filter- The filter was hybridized with a radiolabeled 
1. 4 kb Xbal/EcoRV fragment of pEP301 which contains part 
10 of the P. pastoris PEP4 gene using standard procedures 
[Maniatis, T. , Fritsch, E.F. and Sambrook, JV Molecular 
Cloning , A Laboratory Manual , pp 385-388/ Cold Spring 
Harbor Laboratory Press , Cold Spring Harbor, N.Y. , USA. 
(1982) ] . Hybridization was conducted at 37°C in a 
15 solution containing 50% formamide, 6 X SSC, 5X Denhardt's 
solution, 20 mM Tris HGl r pH 8.0, 1 mM EDTA, 0.1% SDS and 
100 /ug/ml salmon sperm DNA. The filter was then washed 
three times in 1 x SSC, 0.1% SDS (10 min per wash) and 
then in 0.5 x SSC, 0.1% SDS at 65°C for 1 hr. As a 
20 comparative control, genomic DNA from P . pastoris strain 
GS115, a PEP 4 strain , was included in this analysis. 

Digestion of genomic DNA from GS 115 with BstEII 
yielded a 4.4 kb fragment that hybridized to the portion 
of the PEP4 gene contained in the probe. In contrast, 
25 this probe hybridized to a 6.9 kb fragment in DNA from at 
least two of the transf ormants, IGFU2601-5 and IGFU2602- 
5. The larger size of the transf ormant PEP4 locus as 
compared to the control PEP4 locus (6.9 vs. 4.4 kb) is 
consistent with replacement of the host PEP 4 gene with a 
30 nonfunctional PEP 4 gene carrying the URA3 gene within its 
structural region. 

From these results , it was concluded that strains 
IGFU2601-5 and IGFU2 602-5 were examples of the several 
PEP4 strains generated by disruption of the PEP4 gene of 
35 host strain IGF-U through gene replacement. 
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EXAHPLE VII: GENERATION OF A PEP4' PICHIA STRAIN USING 
"POPOUT" VECTORS 

lm Construction of P. pastoris gene disruption 
vector PDL521 

5 Vector pDL521 was used in the development of PEP4- 

deficient (PEP4') strains of P. pastoris by disruption of 
a host PEP4 gene through "pop -in /pop- out "methods. In 
this method, a defective PEP4 gene containing a small 
deletion is added to a host PEP4 locus, and a functional 
10 PEP4 gene is removed from the PEP4 locus (i.e., pop- 
in/pop-out) . 

pDL521 was constructed in two steps. First, an 
intermediate plasmid, pDL.501, was constructed by ligation 
of the 2.2 kb EcoRI /Sacl fragment of pDL323, the 2.2 kb 

15 Sacl /PstI fragment of pPU205 and the 2.7 kb Eco RI/ Pst I 
fragment of pUC19 in a three-way ligation. These three 
fragments were obtained as follows. pPU205, which 
contains the P. pastoris URA3 gene (Figure 9) , was 
digested with Pst I and Sacl. A 2.2 kb PstI -Sacl fragment 

20 containing the VRA3 gene was gel isolated and purified 

using DE81 paper. Plasmid pDL323, harboring a defective 
PEP4 gene which lacks a 0.5 kb Ncol fragment present in 
an intact PEP4 gene (see Fig. 13) , was digested with 
EcoRI and Sac l. A 2 . 2 kb fragment containing the 

25 defective PEP4 gene was gel isolated and purified using 

DE81 paper. pUC19 was digested with EcoR I and PstI . The 
three fragments (0.02 fig of the EcoRI /Pstl-digested 
pUC19, 0.02 fig of the 2.2 kb Pst I / Sac l fragment of pPU205 
and 0.02 fig of the 2.2 kb EcoRI / Sac l fragment of pDL323) 

3 0 were ligated in a three-way ligation. The ligation mix 

was used to transform E. coli strain MC1061. Ampicillin- 
resistant colonies were screened by analysis of Nco l- 
digested colony DNA. Plasmid containing the correctly 
ligated fragments was called pDLSOl. pDL501 was then cut 

35 with Sac l, treated with calf alkaline phosphatase and 
0.02 fig were ligated with 0.02 fig of a 1.9 kb Sac l 
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fragment isolated from SacT -digested pEP202 and purified 
using DE81 paper. This added more PEP 4 flanking sequence 
to the 3 1 end of the defective PEP4 gene in pDLSOl and 
ensured a greater amount of homologous sequence for 
5 recombination with the endogenous PEP4 gene during 

transformation of P. pastoris host IGF-U. The ligation 
mix was used to transform E* coli strain MC1061. DNA 
from ampicillin-resistant colonies was digested with 
Bglll and Spe l and screened for the presence of the 

10 diagnostic 0.8 kb fragment indicative of the presence of 
the added SacI fragment from pEP202. Correct pi asmid was 
called pDL521 (see Figure 16) . 

2. Transformation of GS4-2 with DDLS 21 
a» Generation of GS4-2 

15 a URA3 strain of P. pastor is was required as a host 

in the generation of a PEP4 strain by the pop-out 
process. A URA3 strain was developed by direct plating 
of 10 6 cells of the general HIS4 P. pastoris host strain 
GS115 in 5-fluoroorotic acid medium supplemented with 

20 uracil (0.67% yeast nitrogen base, 2% agar, 2% glucose j 
750 ng 5-FOA/l and 48 mg uracil/1) . After one week of 
incubation at 3 0 ° C , a colony growing on the plate was 
isolated. This HisTFra" strain was named GS4-2. 

b. Transformation of GS4-2 and generation 

25 & PEP4' strain 

Plasmid pDL521 was linearized by digestion with 
NotI . The Not I site is located immediately 5 1 of the 
site at which sequence had been deleted from the PEP 4 
gene to make it defective. The ends of the NotI fragment 

30 are homologous to sequences in the endogenous PEP4 gene 
of GS4-2, which promotes integration of the fragment by 
homologous recombination at the PEP 4 locus. 

The His* Ura* strain GS4-2 was transformed according 
to the spheroplast method with 20 pg of pDL521 which had 

35 been linearized by digestion with NotI. Transf ormants 
were selected by their ability to grow on media lacking 
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uracil. Twelve of these transf ormants were picked, 
genomic DNA isolated from these transf ormants (as 
described in Example VI. B. 3.), cut with Sail and 
subjected to electrophoresis on a 0.8% agarose gel. The 
5 DNA was transferred to a nitrocellulose filter and probed 
with a radiolabeled 1.2 kb EcoR V/ Xba l fragment of the 
PEP4 gene. Two strains, GS4-2521-3 and GS4-2521-4, which 
appeared to have integrated pDL521 into the PEP4 locus, 
based on the Southern blot hybridization pattern of 

10 genomic DNA, were chosen for further selection. These 
strains contained the URA3 marker gene with an intact 
complete PEP4 gene on one side and a defective PEP4 gene 
(lacking '0.5 kb of sequence) on the other side of the 
marker gene. This configuration of the PEP4 locus 

15 permits recombination between the two copies of the PEP4 
gene that would result in elimination of one of the PEP4 
genes and the URA3 gene (i.e., pop-out). Either one of 
the two PEP4 genes could be evicted in this recombination 
event. To identify if, and when, recombination between 

20 the two PEP4 genes occurred, strains GS4-2521-3 and 

GS4-2521-4 were plated onto YPD medium containing 5-FOA 
in a serial 10-fold dilution manner. Only Ura' strains 
grow in the presence of 5-FOA, and thus growth in such 
medium indicates the occurrence of the desired 

25 recombination event. Strains able to grow on 5-FOA- 
containing medium were uracil auxotrophs generated by 
recombination between the two copies of the PEP4 gene. 
Ura" colonies appeared on the 5-FOA-containing plate after 
1 week of culture at 30 °C: 10 of these colonies were 

30 derived from GS4-2521-3, and 14 of these colonies were 
derived from GS4-2521-4. 

3. Characterization of transf ormants 
Fourteen of the Ura" transf ormant colonies were 
purified, genomic DNA was prepared from each, digested 

35 with EcoRI and EcoRV, subjected to electrophoresis on a 
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0.8% agarose gel, blotted to nitrocellulose and 
hybridized with a radiolabeled 1.2 kb Xba l/ EcoR V fragment 
of the P. pastoris PEP4 gene. DNA from 7 of the 14 
isolates analyzed in this way had a hybridization profile 
5 consistent with a PEP4 locus consisting of only a 

defective PEP4 gene lacking -0.5 kb of sequence present 
in an intact PEP 4 gene. Two of these strains are GS4- 
2521-3/7 and GS4-2521-4/1 . 

EXAMPLE VIII: CLONING OF A PORTION OF THE PRB-1 GENE OF 
10 P. PASTORIS 

The proteinase B gene, PPB-1 , encodes a vacuolar 

serine endoprotease in S. csrevisiae [Moehle et al M Mol. 

Cell Bio . 7; 4390-4399 (1987) ] V A portion of the 

equivalent gene was cloned from P. pastoris using 

15 polymerase chain reaction (PCR) gene amplification 
techniques [see, for example, Gould et al. , in Proc. 
Natl. Acad. Sci. USA 86- 1934-1938 (1989)]. Degenerate 
oligonucleotides, which had homology to sequences of the 
PKB-1 gene that encode regions of the proteinase B 

20 protein which are conserved across species (Moehle et al . 

supra . ) ) were synthesized for use as primers in the PCR 

amplification of P. pastor is PRB-1 DNA. The 

oligonucleotides had the following sequences: 

Oligonucleotide 1: 
25 ' A A A G 

5 * - GATAGAATTCTGCAG GGT AAT GGT GAT GGT ACT CAT TGT GC-3 1 

c c c c c c c c 

■ A 

Oligonucleotide 2: 
.30 • .. 

GA A A A 

5 1 - GATCGCATGC AAT CCT GCA ACA TGT GGA GAT GCC AT-3 » 

G G G G G G CTG 

To facilitate subcloning of the amplified DNA 

35 fragments into shuttle plasmids, each oligonucleotide 

also contained one or more restriction endonuc lease 

recognition sites on its 5* end: a Sph I site on 

oligonucleotide 2 and both PstI and EcoR I sites on 

oligonucleotide 1. 
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The PCR reaction medium consisted of 100 ng of 
P. pastoris (Strain NRRL Y-11430) genomic DNA in 2 fil of 
T.E. (10 mM Tris*HCl, 1 mM EDTA) , 10 ^1 of 
oligonucleotide 1 and 10 /xl of oligonucleotide 2, 16 /xl 
5 of a 1.25 mM solution of dGTP, dCTP, dATP, and dTTP, 

10 Ml of IQx buffer (500 mM KC1, 100 mM Tris-HCl, pH 8.3, 
15 mM MgCl 2 ) , 0.1% gelatin, 70 Ml of water and 0.5 m! of 
5 units/Ml Tag DNA polymerase. The solution was heated 
at 94 °C for 2 minutes. The PCR cycling reaction, which 

10 was repeated 31 times, included denaturating for 2 
minutes at 96°C, annealing for 1 minute at 50°C and 
polymerizing for 3.5 minutes at 72 °C. 

The product of this PCR was subjected to 
electrophoresis on an agarose gel, and a fragment of the 

15 size predicted (~500 bp) for the product of amplification 
of the PRB-1 gene between positions corresponding to 
oligonucleotides 1 and 2 was isolated on DE81 paper, and 
digested with EcoRI and Sphl, subjected to 
electrophoresis on an agarose gel. The 500 bp fragment 

20 was isolated using DE81 paper and was ligated into 10 ng 
of pUC19, which had been linearized by cutting with EcoR I 
and Sph I in the polylinker. The ligation mix was used to 
transform E. coli MC1061 cells. Restriction enzyme- 
digested plasmid DNA from ampicillin-resistant 

25 transf ormants was analyzed for the presence of the 

correct 500 bp EcoRI-Sphl fragment. One colony contained 
the correct plasmid, designated pPRBPP. A restriction 
map of the Pichia portion of this plasmid is set forth in 
Figure 17. 

30 The sequence of the cloned portion of the 

P. pastoris PRB-1 gene contained in pPRBPP was generated 
using the Sanger dideoxy method (see Sanger et al., 
supra ) and is shown in Sequence ID No. 5. This sequence 
of the P. pastoris PRB-1 gene has approximately 74% 

3 5 homology to the sequence of the S. cerevisiae PRB-1 gene. 



WO 92/17595 PCIYUS92/02521 
EXAMPLE IX: DEVELOPMENT OF A P RB-1 STRAIN OF P. PASTORIS 

Plasmid pDR911 was constructed for use in developing 
PRB-1 strains of P. pastor Is . This vector contains an 
internal portion of the P. pastoris PRB-1 gene, which, 
5 when used to transform PKB-1 strains of P. pastoris g 
integrates into the host genome at the PRB-1 locus to 
generate two incomplete and non-functional copies of the 
PRB-1 gene/ Vector pDR911 also contains a complete 
functional P. pastoris URA3 gene for use as a selectable 
10 marker in URA3 host strains of P. pastoris. 

A. Construction of PDR911 
The PRB-1 gene fragment of P. pastoris in pPRBPP was 

isolated by restriction digestion of pPRBPP with PstI and 
Sphl. The reaction mixture was loaded onto a 0.8% agarose 

15 gel and the 0.5 Jcb fragment was purified with DE81 paper. 

This 0.5 kb fragment was ligated into a linear form 
of plasmid pPU2 03 , a P. pastoris URA3 -containing pUC- 
based plasmid (see Figure 8) . Plasmid pPU203 was 
linearized by cleavage with Sph I and PstI, and -10 ng was 

20 ligated with -100 ng of the Pichia DNA fragment. The 
ligation mixture was used to transform £. coli strain 
MC1061 to ampicillin resistance. Ampicillin^resistant 
colonies were screened by analysis of Pst I /SphI -digested 
colony DNA for the diagnostic fragment. Correct plasmid 

25 was named pDR9 11 (see Figure 18) . 

B. Transformation of GS4-2 with PDR911 

To generate PRB-1 strains of P. pastoris , one could 
transform GS4-2 by standard spheroplast transformation 
with pDR911 that had been linearized by digestion with 
30 Bal ll. Southern blot hybridization of DNA from Ura + 

trans formants would enable confirmation of PRB-1 strains 
created by disruption of the PRB-1 locus. Proteinase B 
activity assays [see, for example, Jones et al. r in 
Genetics 102: 665-677 (1982) ] of transf ormants would 
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further confirm the proteinase B deficiency of the 
strains . 

C* Development of a prb-1, pep4 strain of P. 

pastorls 

5 The PRB-1 gene of the pep4, ura3, his4 strain of P. 

pastoris GS4-2521-4-5, which is an isolate of GS4-2521-4 
(see Example VII) , was disrupted by transformation with 
the vector pDR911, which had been linearized by cleavage 
with Bcrl ll. Transf ormants exhibiting the Ura +3 phenotype 
10 were selected and analyzed by Southern blot 

hybridization. A selected transf ormant exhibiting the 
expected hybridization band pattern was designated MG18. 
This strain was used as a host for expression of IGF-1. 
The IGF-1 expressing strain was designated C+IGF816S1. 

15 

While the invention has been described in detail 
with reference to certain preferred embodiments thereof, 
it will be understood that modifications and variations 
are within the spirit and scope of that which is 
20 described and claimed. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Gleeson, Martin A 
Howard, Bradley D 

(ii) TITLE OF INVENTION: GENES WHICH INFLUENCE PICHIA PROTEOLYTIC 

ACTIVITY/ AND USES THEREFOR 

(iii) NUMBER OF SEQUENCES : 6 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Fitch, Even, Tabin & Flannery 

(B) STREET: 135 South LaSalle Street, Suite 900 

(C) CITY: Chicago 

(D) STATE: Illinois 

(E) COUNTRY: U.S.A. 
■(F) ZIP: 60603 

{v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 01-APT-1992 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/678,916 

(B) FILING DATE: 01-APR-1991 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Seidman, Stephanie 

(B) REGISTRATION NUMBER: 33,779 

(C) REFERENCE /DOCKET NUMBER: 50848PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (619)552-1311 

(B) TELEFAX: (619)552-0095 

(C) TELEX: 20 6566 PATLAW CGO 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2032 base pairs 

(B) TYPE: nucleic acid 
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( C ) STRANDEDNESS : unknown 

(D ) TOPOLOGY : unknown 

(ii) MOLECULE TYPE; cDNA 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 239.. 1468 

(ix) FEATURE: 

(A) NAME /KEY: mat_peptide 

( B) LOCATION: 239.. 1468 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



GAATTCATAA TGGTGAGATT AGGTAATCGT CCGGAATAGG AATAGTGGTT TGGGGCGATT 60 
AATCGCACCT GCCTTATATG GTAAGTACCT TGACCGATAA GGTGGCAACT ATTTAGAACA 120 
AAGCAAGCCA CCTTTCTTTA TCTGTAACTC TGTCGAAGCA AGCATCTTTA CTAGAGAACA 180 



TCTAAACCAT TTTACATTCT AGAGTTCCAT TTCTCAATTA CTGATAATCA ATTTAAAG 238 

ATG ATA TTT GAC GGT ACT ACG ATG TCA ATT GCC ATT GGT TTG CTC TCT 286 
Met lie Phe Asp Gly Thr Thr Met Ser lie Ala lie Gly Leu Leu Ser 
1 5 10 15 

ACT CTA GGT ATT GGT GCT GAA GCC AAA GTT CAT TCT GCT AAG ATA CAC 334 
Thr Leu Gly lie Gly Ala Glu Ala Lys Val His Ser Ala Lys He His 
20 25 30 



AAG CAT CCA GTC TCA GAA ACT TTA AAA GAG GCC AAT TTT GGG CAG TAT 382 
Lys His Pro Val Ser Glu Thr Leu Lys Glu Ala Asn Phe Gly Gin Tyr 
35 40 45 

GTC TCT GCT CTG GAA CAT AAA TAT GTT TCT CTG TTC AAC GAA CAA AAT 430 
Val ser Ala Leu Glu His Lys Tyr Val Ser Leu Phe Asn Glu Gin Asn 
50 55 60 

GCT TTG TCC AAG TCG AAT TTT ATG TCT CAG CAA GAT GGT TTT GCC GTT 478 
Ala Leu Ser Lys Ser Asn Phe Met Ser Gin Gin Asp Gly Phe Ala Val 
65 70 75 80 

GAA GCT TCG CAT GAT GCT CCA CTT ACA AAC TAT CTT AAC GCT CAG TAT 526 
Glu Ala Ser His Asp Ala Pro Leu Thr Asn Tyr Leu Asn Ala Gin Tyr 
85 90 95 

TTT ACT GAG GTA TCA TTA GGT ACC CCT CCA CAA TCG TTC AAG GTG ATT 574 
Phe Thr Glu Val Ser Leu Gly Thr Pro Pro Gin Ser Phe Lys Val He 
100 105 110 
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CTT GAC ACA GGA TCG TCC AAT TTA TGG GTT CCT AGO AAA GAT TGT GGA 622 
I,eu Asp Thr Gly Ser Ser Asn Leu Trp Val Pro Ser Lys Asp Cys Gly 
115 120 125 

TCA TTA GCT TGC TTC TTG CAT GCT AAG TAT GAC CAT GAT GAG TCT TCT 670 
Ser Leu Ala Cys Phe Leu His Ala Lys Tyr Asp His Asp Glu Ser Ser 
130 135 140 

ACT TAT AAG AAG AAT GGT AGT AGC TTT GAA ATT AGG TAT GGA TCC GGT 718 
Thr Tyr Lys Lys Asn Gly Ser Ser Phe Glu lie Arg Tyr Gly Ser Gly 
145 150 155 160 

TCC ATG GAA GGG TAT GTT TCT CAG GAT GTG TTG CAA ATT GGG GAT TTG 766 
Ser Met Glu Gly Tyr Val Ser Gin Asp Val Leu Gin lie Gly Asp Leu 
165 170 175 

ACC ATT CCC AAA GTT GAT TTT GCT GAG GCC ACA TCG GAG CCG GGG TTG 814 
Thr lie Pro Lys Val Asp Phe Ala Glu Ala Thr Ser Glu Pro Gly Leu 
180 185 190 

GCC TTC GCT TTT GGC AAA TTT GAC GGA ATT TTG GGG CTT GCT TAT GAT 862 
Ala Phe Ala Phe Gly Lys Phe Asp Gly He Leu Gly Leu Ala Tyr Asp 
195 200 205 

TCA ATA TCA GTA AAT AAG ATT GTT CCT CCA ATT TAG AAG GCT TTG GAA 910 
Ser lie Ser Val Asn Lys lie Val Pro Pro lie Tyr Lys Ala Leu Glu 
210 215 220 

TTA GAT CTC CTT GAC GAA CCA AAA TTT GCC TTC TAC TTG GGG GAT ACG 958 
Leu Asp Leu Leu Asp Glu Pro Lys Phe Ala Phe Tyr Leu Gly Asp Thr 
225 230 235 240 

GAC AAA GAT GAA TCC GAT GGC GGT TTG GCC ACA TTT GGT GGT GTG GAC 1O06 
Asp Lys Asp Glu Ser Asp Gly Gly Leu Ala Thr Phe Gly Gly Val Asp 
245 250 255 

AAA TCT AAG TAT GAA GGA AAG ATC ACC TGG TTG CCT GTC AGA AGA AAG 1054 
Lys Ser Lys Tyr Glu Gly Lys He Thr Trp Leu Pro Val Arg Arg Lys 
260 265 270 

GCT TAC TGG GAG GTC TCT TTT GAT GGT GTA GGT TTG GGA TCC GAA TAT 1102 
Ala Tyr Trp Glu Val Ser Phe Asp Gly Val Gly Leu Gly Ser Glu Tyr 
275 280 285 

GCT GAA TTG CAA AAA ACT GGT GCA GCC ATC GAC ACT GGA ACC TCA TTG 1150 
Ala Glu Leu Gin Lys Thr Gly Ala Ala lie Asp Thr Gly Thr Ser Leu 
290 295 300 
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ATT GCT TTG CCC AGT GGC CTA GCT GAA ATT CTC AAT GCA GAA ATT GGT 1198 
lie Ala Leu Pro Ser Gly Leu Ala Glu lie Leu Asn Ala Glu lie Gly 
305 310 315 320 

GCT ACC AAG GGT TGG TCT GGT CAA TAC GCT GTG GAC TGT GAC ACT AGA 1246 

Ala Thr Lys Gly Trp Ser Gly Gin Tyr Ala Val Asp Cys Asp Thr Arg 
325 330 335 

GAC TCT TTG CCA GAC TTA ACT TTA ACC TTC GCC GGT TAC AAC TTT ACC 1294 
Asp Ser Leu Pro Asp Leu Thr Leu Thr Phe Ala Gly Tyr Asn Phe Thr 
340 345 350 

ATT ACT CCA TAT GAC TAT ACT TTG GAG GTT TCT GGG TCA TGT ATT AGT 1342 
lie Thr Pro Tyr Asp Tyr Thr Leu Glu Val Ser Gly Ser Cys lie Ser 
355 360 365 

GCT TTC ACC CCC ATG GAC TTT CCT GAA CCA ATA GGT CCT TTG GCA ATC 1390 
Ala Phe Thr Pro Met Asp Phe Pro Glu Pro He Gly Pro Leu Ala He 
370 375 380 



ATT GGT GAC TCG TTC TTG AGA AAA TAT TAC TCA GTT TAT GAC CTA GGC 1438 
He Gly Asp Ser Phe Leu Arg Lys Tyr Tyr Ser Val Tyr Asp Leu Gly 
385 390 395 400 

AAA GAT GCA GTA GGT TTA GCC AAG TCT ATT TAGGCAAGAA TAAAAGTTGC 1488 
Lys Asp Ala Val Gly Leu Ala Lys Ser He 
405 410 

TCAGCTGAAC TTATTTGGTT ACTTATCAGG TAGTGAAGAT GTAGAGAATA TATGTTTAGG 1548 

TATTTTTTTT TAGTTTTTCT CCTATAACTC ATCTTCAGTA CGTGATTGCT TGTCAGCTAC 1608 

CTTGACAGGG GCGCATAAGT GATATCGTGT ACTGCTCAAT CAAGATTTGC CTGCTCCATT 1668 

GATAAGGGTA TAAGAGACCC ACCTGCTCCT CTTTAAAATT CTCTCTTAAC TGTTGTGAAA 1728 

ATCATCTTCG AAGCAAATTC GAGTTTAAAT CTATGCGGTT GGTAACTAAA GGTATGTCAT 1788 

GGTGGTATAT AGTTTTTCAT TTTACCTTTT ACTAATCAGT TTTACAGAAG AGGAACGTCT 1848 

TTCTCAAGAT CGAAATAGGA CTAAATACTG GAGACGATGG GGTCCTTATT TGGGTGAAAG 1908 

GCAGTGGGCT ACAGTAAGGG AAGACTATTC CGATGATGGA GATGCTTGGT CTGCTTTTCC 1968 

TTTTGAGCAA TCTCATTTGA GAACTTATCG CTGGGGAGAG GATGGACTAG CTGGAGTCTC 2028 

AGAC 2032 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 410 amino acids 

(B) TYPE: amino aeid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met lie Phe Asp Gly Thr Thr Met Ser He Ala He Gly Leu Leu Ser 
1 5 10 15 

Thr Leu Gly He Gly Ala Glu Ala Lys Val His Ser Ala Lys lie His 
20 25 30 

Lys His Pro Val Ser Glu Thr Leu Lys Glu Ala Asn Phe Gly Gin Tyr 
35 40 45 

Val Ser Ala Leu Glu His Lys Tyr Val Ser Leu Phe Asn Glu Gin Asn 
50 55 60 

Ala Leu Ser Lys Ser Asn Phe Met Ser Gin Gin Asp Gly Phe Ala Val 
65 70 75 80 

Glu Ala Ser His Asp Ala Pro Leu Thr Asn Tyr Leu Asn Ala Gin Tyr 
85 90 95 

Phe Thr Glu Val Ser Leu Gly Thr Pro Pro Gin Ser Phe Lys Val He 
100 105 HO 

Leu Asp Thr Gly Ser Ser Asn Leu Trp Val Pro Ser Lys Asp Cys Gly 
115 120 125 

Ser Leu Ala Cys Phe Leu His Ala Lys Tyr Asp His Asp Glu Ser Ser 
130 135 140 

Thr Tyr Lys Lys Asn Gly Ser Ser Phe Glu He Arg Tyr Gly Ser Gly 
145 150 155 160 

Ser Met Glu Gly Tyr Val Ser Gin Asp Val Leu Gin lie Gly Asp Leu 
165 170 175 

Thr lie Pro Lys Val Asp Phe Ala Glu Ala Thr Ser Glu Pro Gly Leu 
180 185 190 

Ala Phe Ala Phe Gly Lys Phe Asp Gly lie Leu Gly Leu Ala Tyr Asp 
195 200 205 
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Ser lie Ser Val Asn Lys lie Val Pro Pro lie Tyr Lys Ala Leu Glu 
210 215 220 

Leu Asp Leu Leu Asp Glu Pro Lys Phe Ala Phe Tyr Leu Gly Asp Thr 
225 230 235 240 

Asp Lys Asp Glu Ser Asp Gly Gly Leu Ala Thr Phe Gly Gly Val Asp 
245 250 * 255 

Lys Ser Lys Tyr Glu Gly Lys lie Thr Trp Leu Pro Val Arg Arg Lys 
260 265 270 

Ala Tyr Trp Glu Val Ser Phe Asp Gly Val Gly Leu Gly Ser Glu Tyr 
275 280 285 

Ala Glu Leu Gin Lys Thr Gly Ala Ala He Asp Thr Gly Thr Ser Leu 
290 295 300 

He Ala Leu Pro Ser Gly Leu Ala Glu lie Leu Asn Ala Glu He Gly 
305 310 315 320 

Ala Thr Lys Gly Trp Ser Gly Gin Tyr Ala Val Asp Cys Asp Thr Arg 
325 330 335 

Asp Ser Leu Pro Asp Leu Thr Leu Thr Phe Ala Gly Tyr Asn Phe Thr 
340 345 350 

He Thr Pro Tyr Asp Tyr Thr Leu Glu Val Ser Gly Ser Cys He Ser 
355 360 365 

Ala Phe Thr Pro Met Asp Phe Pro Glu Pro He Gly Pro Leu Ala He 
370 375 380 

He Gly Asp Ser Phe Leu Arg Lys Tyr Tyr Ser Val Tyr Asp Leu Gly 
385 390 395 400 

Lys Asp Ala Val Gly Leu Ala Lys Ser He 
405 410 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 2688 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 



(ii) MOLECULE TYPE: CDNA 
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{ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 643. .1431 

(ix) FEATURE: 

(A) NAME/KEY: mat_peptide 

(B) LOCATION: 643.. 1431 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

CT6CA6AAAT GGGGAGATAA CCACCTTTGA CGAATTGACT AAAGTTCT AC AGATCATGTT 60 

TACAAATGCC ATCATCTATA ACGATGAAGA CAGTGATGTT TCGAAGCTAA CGATTGAAAT 120 

GATGGAAGAA ACTACTAAGA TTATAGAGCT GTTCAGAGAA AGTCTGGATT AGTCCTGGAC 180 

AATGAACTTT ATGTACAAAA ATATGGGGTT AACGTCTTAG CTGTTGCATC ATAAGTTGGT 240 

TTTGTTCTTG GAAACGTTGA CCAACTCTCT CACTGTGCTT GAGGAACTTT TCTGCACACT 300 

TGTTGATGCA GCCTTCCTCC TTAGAAGTCA ACTTGTTAGA TGTAAAATC A TTGACACAGT 360 

CTGTAAAACA TTTGCTAACC AAATCGGAGT AAAGACGCAT GAAGTCTTTC ATTTGTTTTT 420 

GTTCAACGAG TTTCTGGAAC TCTTGTTGTT CTTTAGCGTT CAATGCGTCC ATTTTGTGAT 480 

GTACTTGGTT GGGGTAGAGT TAGCACTTGC TCTCTCTGTT ACCAGTTTTT GTCAAGATTG 540 

AAGAAAAAAG TTTTTTGGAC GGTACACGTC GCACCTATCC TTCGCATTGA TCCACTCTAA 600 

TGAGTTAACA TCAACCTGAT CAAAGGG AT A GATACCTAGA CA ATG GCT CGC AGT 654 

Met Ala Arg Ser 



TAT GCC GAG AGA GCA AAT ACT CAT CAA TCA CCT GTG GCA CGA CGA CTG 702 
Tyr Ala Glu Arg Ala Asn Thr His Gin Ser Pro Val Ala Arg Arg Leu 
5 10 15 20 



TTT GCG CTT ATG GAA CAG AAA CAG AGT AAC CTA TGC GCA TCA GTC GAG 750 
Phe Ala Leu Met Glu Gin Lys Gin Ser Asn Leu Cys Ala Ser Val Asp 
25 30 35 



GTG AGA AC A ACT AAA GAA TTA TTG GAG CTT CTA GAT AAA TTG GGC CCA 798 
Val Arg Thr Thr Lys Glu Leu Leu Glu Leu Leu Asp Lys Leu Gly Pro 
40 45 50 



TTT ATC TGT TTG GCC AAG ACT CAT ATC GAC ATA ATT GAT GAC TTC ACG 846 
Phe lie Cys Leu Ala Lys Thr His lie Asp lie lie Asp Asp Phe Thr 
55 60 65 
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TAT GAT GGA ACT ATT CTG CCT TTA TTG GAA CTA TCA AAG AAA CAC AAG 894 
Tyr Asp Gly Thr He Leu Pro Leu Leu Glu Leu Ser Lys Lys His Lys 
70 75 80 

TTT TTA ATT TTT GAG GAG AGA AAG TTT GCT GAT ATA GGC AAC ACT GTC 942 
Phe Leu lie Phe Glu Asp Arg Lys Phe Ala Asp He Gly Asn Thr Val 
85 90 95 100 

AAG CAT GAA TAT CAA GGA GGT GTC TAC AAG ATT GCA GAA TGG GCA GAT 990 
Lys His Gin Tyr Gin Gly Gly Val Tyr Lys He Ala Gin Trp Ala Asp 
105 110 115 

ATT ACA AAT GCT CAT GGT GTC ATT GGT AGT GGA ATT GTA AAG GGT CTA 1038 
He Thr Asn Ala His Gly Val He Gly Ser Gly He Val Lys Gly Leu 
120 125 130 

AAG GAG GCA GCC ACT GAG ACA ACA GAT CAA CCA AGG GGA CTA TTG ATG 1086 
Lys Glu Ala Ala Thr Glu Thr Thr Asp Gin Pro Arg Gly Leu Leu Met 
135 140 145 

TTG GCT GAA CTG TCG TCA AAG GGA TCA ATT GCC CAT GGT AAG TAC ACC 1134 
Leu Ala Glu Leu Ser Ser Lys Gly Ser He Ala His Gly Lys Tyr Thr 
150 155 160 

GAA GAA ACT GTA GAA ATT GCA AAA TCA GAC AAG GAA TTC GTC ATT GGG 1182 
Glu Glu Thr Val Glu He Ala Lys Ser Asp Lys Glu Phe Val He Gly 
165 170 175 180 

TTT ATT GCT CAA AAT TCT ATG GGA GGA CAA GAT GAA GGG TTC GAT TGG 1230 
Phe He Ala Gin Asn Ser Met Gly Gly Gin Asp Glu Gly Phe Asp Trp 
185 190 195 

ATT ATT ATG ACA CCA GGT GTT GGT TTG GAT GAC ACT GGT GAT GCT CTA 1278 
He He Met Thr Pro Gly Val Gly Leu Asp Asp Thr Gly Asp Ala Leu 
200 205 210 

GGC CAA CAA TAT CGA ACA GTG AGT CAA GTA TTT TCC ACT GGC ACT GAC 1326 
Gly Gin Gin Tyr Arg Thr Val Ser Gin Val Phe Ser Thr Gly Thr Asp 
215 220 225 

ATC ATA ATC GTA GGT CGT GGT TTG TTT GGC AAG GGC AGA GAT CCC TTA 1374 
He He He Val Gly Arg Gly Leu Phe Gly Lys Gly Arg Asp Pro Leu 
230 235 240 

AAA GAA GGT GAA CGG TAT AGA AAA GCT GGG TGG GAA GCT TAC CAA AAT 1422 
Lys Glu Gly Glu Arg Tyr Arg Lys Ala Gly Trp Glu Ala Tyr Gin Asn 
245 250 255 260 

ATT CTG AGG TAAATTACAA GTATGTACAG GGGATCAATT GTTTCGGGCG 1471 
He Leu Arg 
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ATTCAACTGA ATCGATCTTC AATTTCATCG CTCAATTTTT GACGCAGTAT TTCAAACACC 1531 

AGAAGGCCCA CGGATGTTGC TGGAATGGTA GTTAACGCAT TCCTAACGAA CCCTTTATAA 1591 

AACCAGCGGG TCCAAGATAG TTTAGACTTC TCATGTAAGC TCACCAACTG GTGGAATGTA 1651 

TCTAAGTATG ATCGGTAATA TAGACGGAAT TTACTTTTCT TATCCCAGGA GTTCTCGTTG 1711 

AAAATATCCA ACGCTTCCAA CCTTGCTAAA TGTATTGACT GAACTTTAGA AAATGGGTAT 1771 

TGAACGGCTA GTAACGAACA TGCAGCGCTA GCACCAGCCA AAAGAATAAA AGTCGTCCTC 1831 

AGGATATTTT CACTTTTCGT TTTCACTGTG TCACCTTGGG GCCTTCCAAG AAGACTATTT 1891 

TTCATCCTAT CAATTCTCTC CATAGTGTTC TCGGTTATCC TGTAACCTCT ATTCTTAATG 1951 

GCTTCGAATG TTGTGAAATA TATAGCAAAG GATGTGCTTT CTTTGACCAG ACTCAAGGAG 2011 

TAGCCAGCAA ATACCCCCAG AAAACCACTA GTTTTTAGTT TATGAAGACC GTAAATCCAT 2071 

AAGTTGTCAT TCTTGCCCCC AATAATCTCG GAGGCATTAG ATCGGGCATA TATTGCATCA 2131 

ATTGGGGCAG CTACCAATGA CTGCGCAGCT CCAGCTAGAA ACCCAGCTCG AAATACATCC 2191 

ACTAGTCTTG GATTTGCTAT CGATCTGCCC TCTTGACCGT CAGTATATGA CTGCAAACAT 2251 

G AT AAAXACG TTGTGTAAAG TACAATTCCC ATCACAGAAT TGGCTACCAA TGGTGGCAGG 2311 

ACCTTGTTTG GTATCAACTC CCAACCATGG GTTTTGACGG CTCGTAACAA TAGAGCTGGA 2371 

TTTGAGTGGA AAATGGGCTG TAAGGTTTAC CTTTCAAATG AGCTCCAAAG AAGATGCGTA 2431 

TTGGTGCCAT GTAGTCAAAA CGAGTGGGAC GAAACAGTTT GGCTGGTGTC CTCAGGTACA 2491 

GTGAACTAAA TTGGACTAGA ACAGCTCTGA TCCCAGCTGT CGAAGCAGAC ACC ACTTG AG 2551 

TGTTTTTGTT GCTAAGAGTA GCCTTTTTAG AATCATCGTT GTCTTCCATA GGTTTCTGGA 2611 

ACACAATGCC AGAGTTCATA GAGGATCAGA GGGGAATTGA GGTGTG TGTA TATGTATTTA 2671 

TAGGGGXACC GAGCTCG 2688 
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(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 263 amino acids 

(B) TYPE: amino acid 
(D ) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Ala Arg Ser Tyr Ala Glu Arg Ala Asn Thr His Gin Ser Pro Val 
15 10 15 

Ala Arg Arg Leu Phe Ala Leu Met Glu Gin Lys Gin Ser Asn Leu Cys 
20 25 30 

Ala Ser Val Asp Val Arg Thr Thr Lys Glu Leu Leu Glu Leu Leu Asp 
35 40 45 

Lys Leu Gly Pro Phe lie Cys Leu Ala Lys Thr His lie Asp lie lie 
50 55 60 

Asp Asp Phe Thr Tyr Asp Gly Thr lie Leu Pro Leu Leu Glu Leu Ser 
65 70 75 80 

Lys Lys His Lys Phe Leu lie Phe Glu Asp Arg Lys Phe Ala Asp lie 
85 90 95 

Gly Asn Thr Val Lys His Gin Tyr Gin Gly Gly Val Tyr Lys lie Ala 
100 105 110 

Gin Trp Ala Asp lie Thr Asn Ala His Gly Val lie Gly Ser Gly lie 
115 120 125 

Val Lys Gly Leu Lys Glu Ala Ala Thr Glu Thr Thr Asp Gin Pro Arg 
130 135 140 

Gly Leu Leu Met Leu Ala Glu Leu Ser Ser Lys Gly Ser lie Ala His 
145 150 155 160 

Gly Lys Tyr Thr Glu Glu Thr Val Glu lie Ala Lys Ser Asp Lys Glu 
165 170 175 

Phe Val lie Gly Phe lie Ala Gin Asn Ser Met Gly Gly Gin Asp Glu 
180 185 190 



Gly Phe Asp Trp lie lie Met Thr Pro Gly Val Gly Leu Asp Asp Thr 
195 200 205 
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Gly Asp Ala Leu Gly Gin Gin Tyr Arg Thr Val Ser Gin Val Phe Ser 
210 215 220 

Thr Gly Thr Asp lie lie lie Val Gly Arg Gly Leu Phe Gly Lys Gly 
225 230 235 240 

Arg Asp Pro Leu Lys Glu Gly Glu Arg Tyr Arg Lys Ala Gly Trp Glu 
245 250 255 

Ala Tyr Gin Asn lie Leu Arg 

260 . 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 555 base pairs 
(BJ TYPE: nucleic acid 
(C) STRANDEDNESS: unknown 
■(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(ix) FEATURE : 

(A) NAME /KEY: CDS 

(B) LOCATION: 3.. 554 

(ix) FEATURE: 

(A) NAME /KEY: mat_peptide 

(B) LOCATION: 3.^554 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GA ATT CTG CAG GGA AAC GGC CAC GGT ACA CAT TGT GCT GGT ACC ATT 47 
He Leu Gin Gly Asn Gly His Gly Thr His Cys Ala Gly Thr lie 
1 5 10 15 

GCT TCT GAA AGC TAC GGT GTT GCC AAG AAG GCT AAT GTT GTT GCC ATC 95 
Ala Ser Glu Ser Tyr Gly Val Ala Lys Lys Ala Asn Val Val Ala lie 
20 25 30 

AAG GTC TTG AG A TCT AAT GGT TCT GGT TCG ATG TCA GAT GTT CTG AAG 143 
Lys Val Leu Arg Ser Asn Gly Ser Gly Ser Met Ser Asp Val Leu Lys 
35 40 45 

GGT GTT GAG TAT GGC ACC CAA TCC CAC TTG GAT GCT GTT AAA AAG GGC 191 
Gly Val Glu Tyr Ala Thr Gin Ser His Leu Asp Ala Val Lys Lys Gly 
50 55 60 
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AAC AAG AAA TTT AAG GGC TCT ACC GCT AAC ATG TCA CTG GGT GGT GGT 239 
Asn Lys Lys Phe Lys Gly Ser Thr Ala Asn Met Ser Leu Gly Gly Gly 
65 70 75 

AAA TCT CCT GCT TTG GAC CTT GCA GTC AAT GCT GCT GTT AAG AAT GGT 287 
Lys Ser Pro Ala Leu Asp Leu Ala Val Asn Ala Ala Val Lys Asn Gly 
80 85 90 95 

ATT CAC TTT GCC GTT GCA GCA GGT AAC GAA AAC CAA GAT GCT TGT AAC 335 
He His Phe Ala Val Ala Ala Gly Asn Glu Asn Gin Asp Ala Cys Asn 
100 105 110 

ACC TCG CCA GCA GCT GCT GAG AAT GCC ATC ACC GTC GGT GCA TCA ACC 383 
Thr Ser Pro Ala Ala Ala Glu Asn Ala He Thr Val Gly Ala Ser Thr 
115 120 125 

TTA TCA GAC GCT AGA GCT TAC TTT TCT AAC TAG GGT AAA TGT GTT GAC 431 
Leu Ser Asp Ala Arg Ala Tyr Phe Ser Asn Tyr Gly Lys Cys Val Asp 
130 135 140 

ATT TTC GCT CCA GGT TTA AAC ATT CTT TCT ACC TAC ACT GGT TCG GAT 479 
He Phe Ala Pro Gly Leu Asn He Leu Ser Thr Tyr Thr Gly Ser Asp 
145 150 155 

GAC GCA ACT GCT ACC TTG TCT GGT ACT TCA ATG GCC AGC CCT CAT GTT 527 
Asp Ala Thr Ala Thr Leu Ser Gly Thr Ser Met Ala Ser Pro His Val 
160 165 170 175 

GCA GGC TTG CAT GCA AGC TTG GCA CTG G 555 
Ala Gly Leu His Ala Ser Leu Ala Leu 
180 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 184 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

He Leu Gin Gly Asn Gly His Gly Thr His Cys Ala Gly Thr He Ala 
1 5 10 15 



Ser Glu Ser Tyr Gly Val Ala Lys Lys Ala Asn Val Val Ala He Lys 
20 25 30 
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Val Leu 



Arg Ser 
35 



Asn Gly Ser Gly Ser Met Ser 
40 



Asp Val Leu Lys Gly 
45 



Val Glu 
50 



Tyr Ala 



Thr Gin Ser His Leu Asp Ala 
55 



Val Lys Lys Gly Asn 
60 



Lys Lys 
65 



Phe Lys 



Gly Ser Thr Ala Asn Met Ser 
70 75 



Leu Gly Gly Gly Lys 
80 



Ser Pro Ala Leu Asp Leu Ala Val Asn Ala Ala Val Lys Asn Gly lie 
85 90 95 

His Phe Ala Val Ala Ala Gly Asn Glu Asn Gin Asp Ala Cys Asn Thr 
100 105 110 

Ser Pro Ala Ala Ala Glu Asn Ala lie Thr Val Gly Ala Ser Thr Leu 
115 120 125 

Ser Asp Ala Arg Ala Tyr Phe Ser Asn Tyr Gly Lys Cys Val Asp lie 
130 135 140 

Phe Ala Pro Gly Leu Asn He Leu Ser Thr Tyr Thr Gly Ser Asp Asp 
145 150 155 160 

Ala Thr Ala Thr Leu Ser Gly Thr Ser Met Ala Ser Pro His Val Ala 
165 170 175 

Gly Leu His Ala Ser Leu Ala Leu 

... 180'- '.' 
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THAT WHICH IS CLAIMED IS: 

1. An isolated DNA fragment obtained from a strain 
of the genus Pichia, comprising a gene encoding a protein 

5 which, directly or indirectly, influences the proteolytic 
activity of said strain. 

2. The DNA fragment of Claim 1, wherein said 
protein influences the carboxypeptidase Y activity of 

10 said strain. 

3. The DNA fragment of Claim 2, wherein said gene 
has the restriction map in FIG. 1 of the drawings. 

15 4. The DNA fragment of Claim 2, wherein said 

fragment is the approximately 10.6 kbp EcoRI fragment of 
plasmid pEP202. 

5. The DNA fragment of Claim 2, wherein said 
20 fragment is the approximately 2.7 kbp EcoRI-SacI fragment 
of plasmid pEP3 01, or portions thereof that encode a 
protein which influences the carboxypeptidase Y activity 
of said strain. 

25 6. The DNA fragment of Claim 2, wherein said the 

nucleic acid sequence of said gene encodes an amino acid 
sequence which is substantially the same as the amino 
acid sequence set forth in Sequence ID No. 2. 

30 7. The DNA fragment of Claim 2, wherein the nucleic 

acid sequence of said gene is substantially the same as 
the nucleic acid sequence set forth in Sequence ID No. 1. 
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8. An isolated DNA fragment containing a modified 
form of the gene of Claim 1, wherein said modification 
renders the gene incapable of producing functional 
product, or alters the ability of the gene product to 

5 influence the proteolytic activity of said strain. 

9. The DNA fragment of Claim 8, wherein the 
modified form of said gene is suitable for introduction 
into a yeast host of the genus Pichia by homologous 

10 recombination, wherein homologous recombination occurs at 
the specific locus of said gene whose expression product 
influences proteolytic activity. 

10. The DNA fragment of Claim 8, wherein the 

15 modified gene, in its unmodified form, encodes a protein 
that influences the carboxypeptidase Y activity of said 
■ ' strain. 

11. The DNA fragment of Claim 9 , wherein said gene 
20 is modified by the insertion of an auxotrophic marker 

gene therein. 

12. A DNA fragment of Claim 11, wherein said 
auxotrophic marker gene is selected from the Pichia or 

25 Saccharomyces BIS4 gene, the Pichia or Saccharomyces ARG4 
gene, or the Pichia or Saccharomyces ZJRA3 gene. 

13. The DNA fragment of Claim 12, wherein said 
fragment is included in plasmid pDR4 01. 



30 



14. The DNA fragment of Claim 9, wherein said gene 
is modified by making deletions therefrom. 



35 



15. The DNA fragment of Claim 14 , wherein said 
fragment is included in plasmid pDR421. 



WO 92/17595 



PCT/US92/02521 



-81- 

16. A method of producing strain (s) of the genus 
Pichia which are deficient in proteolytic activity , 
compared to host strain (s) of the same species , 
comprising: 

5 contacting said host strain (s) with the DNA fragment 

of Claim 8 under conditions suitable for the site- 
directed integration of said DNA fragment into the genome 
of said host strain (s) , wherein said site-directed 
integration occurs at the specific locus of said gene 
10 which encodes a protein which influences proteolytic 
activity. 

17. The method of Claim 16, further comprising: 
screening the strains obtained as a result of said 

15 contacting for the presence of strains which have reduced 
proteolytic activity, relative to said host strain ( s) , 
and 

selecting those strains which have reduced 
proteolytic activity, relative to said host strain (s) . 

20 

18. The method of Claim 16, wherein integration of 
said DNA fragment influences the proteinase A and 
carboxypeptidase Y activities of said host organism. 

25 19. A strain of Pichia deficient in proteolytic 

activity produced by the method of Claim 16. 

20. The strain of Claim 19, which is deficient in 
proteinase A and carboxypeptidase Y activities. 

30 

21. The strain of Claim 20 selected from P. 
pastorxs strain pi, p2, p5, p8, pl3, pl6, or p20. 

22. The method of Claim 16, wherein said host 

35 strain is defective in at least one auxotrophic marker 
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gene selected from the histidinol dehydrogenase gene, the 
argininosuccinate lyase gene, or the orotidine-5 1 - 
phosphate decarboxylase gene , and wherein the modified 
gene of said fragment is modified by the insertion 
5 therein of an intact form of the auxotrophic marker gene 
in which the host strain is defective. 

23. A strain of Pichxa deficient in proteolytic 
activity produced by the method of Claim 22. 

■ 10 ' 

24. A strain of Claim 23, wherein said strain is 
deficient in proteinase A and carboxypeptidase Y 
activity. 

15 25. A strain of Claim 24 selected from P. pastorls 

strain pi, p2, p5, p8, pl3, pl6, or p20. 

26. The method of Claim 16, wherein the gene said 
fragment is modified by making deletions therefrom. 

■ . 20 

27. The method of Claim 22, wherein said host 
strain is GS115 and said DNA fragment is the 
approximately 5.3 kbp SacI-EcoRI fragment of plasmid 
pDR401. 

; . 25 

28. A yeast cell of the genus Pichia which is 
deficient in proteolytic activity, compared to wild-type 
strains of the same species. 

30 29. The yeast cell of Claim 28, wherein said cell 

def icient in proteinase A and carboxypeptidaise Y 
activities. 

30. A method for the expression of proteolytically 
35 sensitive recombinant product ( s ) , comprising: 
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transforming the cell of Claim 28 with DNA encoding said 
product and culturing said cell under conditions whereby 
said proteolytically sensitive product (s) is expressed. 

5 31. The method of claim 30, wherein the cell is 

rendered deficient in proteolytic activity by replacement 
of a gene of the cell that encodes a protein which, upon 
expression, directly or indirectly, influences the 
carboxypeptidase Y activity of said host organism with a 

10 defective form of said gene modified by the insertion 

therein of a marker gene which complements an auxotrophic 
phenotype of said host strain; and wherein the marker 
gene is selected from the histidinol dehydrogenase gene, 
the argininosuccinate lyase gene, or the 

15 orotidine-5 1 -phosphate decarboxylase gene • 

32. A method for the expression of proteolytically 
sensitive recombinant product (s) , comprising 

rendering a host strain deficient in proteolytic 
20 activity using the method of Claim 16, wherein 

said host strain is defective in at least one 
auxotrophic marker gene; and 

said host strain has been transformed with at least 
one DNA fragment comprising an expression cassette 
25 comprising, in the reading frame direction of 

transcription, the following sequences of nucleotides: 

(i) a promoter region of a methanol-responsive gene 
of a methylotrophic yeast, 

(ii) a sequence encoding a polypeptide consisting 
30 essentially of: 

(a) an optional secretion signal sequence, and 

(b) a proteolytically sensitive protein; and 
(iii) a transcription terminator functional in a 

methylotrophic yeast; 
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wherein said sequences are operationally associated with 
one another for transcription of the sequences encoding 
said polypeptide. 

5 33. The method of Claim 32, wherein said host 

strain is defective in at least two auxotrophic marker 
genes. 

.34 . A method of Claim 33 , wherein said auxotrophic 
10 marker genes are the HIS4 gene, and the URA3 gene. 

35. A method of Claim 34, wherein the 
proteoiytically sensitive product is IGF- 1 and the marker 
gene employed for transforming said host with DNA 

15 encoding IGF-1 is the HIS4 gene. 

36. A method of Claim 35, wherein the modified gene 
employed to render the host deficient in proteolytic 
activity, in its unmodified form, encodes a protein that 

20 influences the carboxypeptidase activity of the host. 

37. A method of Claim 36, wherein the modified gene 
is produced by deletion of a portion of the coding 
sequence therefrom. 

25 

38. A method of Claim 37, wherein the recombinant 
strain from which said recombinant product (s) is 
expressed is strain M+IMB206S1. 

30 39. An isolated DNA fragment, comprising the 

orotidine-5 1 -phosphate decarboxylase gene from species of 
the genus Pichia. 
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40. The DNA fragment of Claim 39 , wherein said gene 
has substantially the same restriction map as shown in 
FIG. 12. 

5 41. The DNA fragment of Claim 39, wherein said gene 

encodes substantially the same amino acid sequence as set 
forth in Sequence ID No. 4. 

42- A DNA fragment of Claim 39, wherein said gene 
10 has substantially the same nucleic acid sequence as set 
forth in Sequence ID No. 3. 

43. A yeast cell of the genus Pichia, which is 
defective in the orotidine-5 • -phosphate decarboxylase 

15 gene. 

44. The yeast cell of Claim 43, wherein said yeast 
cell is a strain of Pichia pastoris. 

20 45. The yeast cell of Claim 44, wherein said yeast 

cell is the strain Pichia pastoris GS4-2. 

46. The yeast cell of Claim 43, further containing 
a deficiency in proteolytic activity. 

25 

47. A yeast cell of Claim 46, wherein said yeast 
cell is deficient in proteinase A and carboxypeptidase Y 
activities. 

30 48. The yeast cell of Claim 47, wherein said yeast 

cell is selected from the Pichia pastoris strains 
GS4-2521-3/7 or GS4-2521-4/1. 
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PLASMIDHAP of: pPU202.Seq check: 5464 fro* i to: 5836 
Howard April 4, 1990 08:59 
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PLASHIDHAP of: pPU205.Seq checlc: 5464 from 1 to: 4855 
Howard April 4, 1S90 10:33 
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m m * 

^i;^T37K^^^ (epo) ^mmtyy* ? /—r^tzmtm* (tpa) * 

istixztc mmmmwtmm. 36, 775-788 (1991)) 0 mm^±mma 

<Dmmzmmte®c%\*m<>x\,^^btf^Mt5thZ)i)K mm^mmt^m^t 

i^y/^f©iii:!i, ^rSiJbT, Asnflg-g-SL ^fVl, O-GlcNAcSL 
i{xyf^7-f y^, 191-208 (1994)) . ^Jh^jft,@^<Z>£#j£fe*&5ri$'^ 
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(ER) -Cm?>'<?K<Dftfe<DWi&} (Asn-X-Ser^fcfiThr) ^^#$^5 0 #C 

y — ^ 8aitN-7tf/V^V3f> y2iS/5^*5M8W-7y/- 
01 (MangGlcNAc 2 ) &&J&£tlZ> 0 ICMvyy-^Ifi^f 

tem-&tm%mx»±^ < I^otV^ (GemmiU, T.R., Trimble, R.B., Biochim. 
Biophys. Acta., 1426, 227 (1999)) 0 

fritm Ltvyy -xikmrnzmm-tZo ^(D^ux^m-r^mm (Man 5 . 

8 GlcNAc 2 ) fi, MYyy-xii:^^iit*fc5o vyy-^^ 3 as§] 
»f$tb^iM5^^^^y — ^Sttf^ (Man 5 GlcNAc 2 ) UlN-Tir^^/U^I?- ? = 
;H7>^7x7-f (GnT) I&ftm U N-Ti? ^/U ^Vu = -fr 5 > £r 18S^ 
^ U , GlcNAcMan 5 GlcNAc 2 7)> h ft £ &£.!&°1~Z>o roi 51- UTtf#fc*S 
(M^y^K) Itlf«il5 0 J5tt: % o-vy/^-^n, GnT- 
n^t5^ GlcNAc 2 Man3GlcNAc 2 ^ ? 1SE-n" (=» V^U- ;/ *) §l£P¥tf 

mmmzftm-tz mi) „ .«£&«-cfi^-r^w-;*§L a-g-M^i* 

*i,©8F0* tlfetiS^ * * SC <fc o r t(om^ir 5 tMK3* JH£ otv^5, 

y-^yy-y*. SiJitt©^^, £#f*i^tt, mm? yT -< isym&ftzn 
mtifrmife&^i- (iii^, mmn^ 64-72(1992)) ■. 

?F"JXX$bZ>^b&^£tlfr (Takeuchi and Kobata, Glycobiology, 1, 337-346 
(1991)) „ Hfc, mm<Dmm. mm. ft&Wi (MansGlcNAqtil 5 GlcNAc 

2 
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&ft>tc (Takeuchi et al., Proc. NatL Acad. Sci. USA, 86, 7819- 
7822 (1989)) 0 #*£#lat<£>^ LTVfc V X o ^^^^XnWX<D * !/77 

t^£H-CV^ (Misaizu et al., Blood, 86, 4097-4104 (1995)) 0 Z.tl\Z- 

m tcmny^y^^ & if (Dskmm * ? wx t> jl ^ *k urn© o r 
^iitsrtt^y^ h-^^saii-^ar, sfmi&mmcDuf^^ic 

f&£*K iL^^feit-^^MC^^L-r 5 - ^^V^fc$nTV^^ (Ashwell 
and Harford, Annu. Rev. Biochem., 51, 531-554 (1982) ; Morell et al., J. Biol. 
Chem., 243, 155-159 (1968)) 0 

>m&&ttto£fo, z.tbfrv y y—^mm^m^mm,-^— x—ttzZo tut 
^(D^mmv£^m&x&>z>^^;--*-6-y cmpr) t<D^^^v 

MPRfl* ibf&M Lfc^, 35 in y y y — A — (von Figura and 

Hasilik, Annu. Rev. Biochem., 54, 167-193 (1984) ) 0 ^<D]) V V — AHlff^ 

mfttev >wt&(DttMRf&n, 2m<omm%.j&\z& vntefrtix&y) , ztb%<D 

(Leroy and DeMars, Science, 157, 804-806 (1967)) 0 L-fc^oT, UftfUgM 
(Ballou et al., Proc. Natl. Acad. Sci. USA, 87, 3368-3372 (1990) ) „ i~ 

tnt>*>, M8A^vy/-7lflic*f a-i,6 &&-C'*i/;—x&ttlJa-fzm 

tea — K$tL5^ W?^Sf-e*>5r.-idS|lb^^5SJoTV>S (Nakayama et al., 

3 
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EMBO J., 11, 2511-2519 (1992)) „ Mi^l a -1,6^ T*^ ^ J — * ^mfrM^ 

SR* (02,11) ^jgrsr klz£<9, n-mmO'W&kfzZtf}) a-ifim^ 

>-/ — Xffi&tf : &]$ l £tlZ) (12, E) o a -1,6^0-^^7— a- 

l,2^Lfc^>V-;*cD^li£;$S#&L (SI2, 3 :C, F, H) % :©t»Lfc 

.(B 2, 3 : D, G, H, I) 0 £ <D a -1,35^ (£>-v > / — * (7)#^0«, 
MHHlst^^^f- £ £ (Nakanishi-Shindo et al., J. Biol. Chem., 

268, 26338-26345 (1993)) „ * It ^4 ^ >- / — ^M^^tf5^*5 £ Tf^mMft 

2, * ; t&iBS: (D^^*id^-rs y ^mtfimnm „ -os^^mnnsj^ 

fe^-dSri- Ki-Sat^ld^Sr i:^*?^?) (WangetaL, J. Biol. Chem., 272, 
18117-18124 (1997)) , jEfcUm-T 5 * St£ =« - K 

•rSat'&T- ( MNN4) t5lfci>i)5:ofc (Odani et al., Glycobiology, 6, 805- 
810 (1996) ; Odani et al., FEBS letters, 420, 186-190 (1997)) D 

^SSlCLfc!), J£Stt3r{£T t> i" S (Bekkers et al., Biochim. 

Biophys. Acta, 1089, 345-351 (1991)) 0 3EKl*§gi£>fllita s *:# <J*Jfe<5 fcfe, 

rOBifL^M$f^OfuiE^T*&5M8^^^^/-^M^^, Bi?L^M^<D 
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if a -1,6 ^^y-^3|g^«r4.15^SSL35^yt)feV^ftttfc L-C¥«*n 

m-emmW&TPWik'fZ i><DXttt£^ (Ballou et al., J. Biol. Chem., 255, 
5986-5991 (1980) ; Ballou et al., J. Biol. Chem., 264, 11857-11864 (1989) ) 0 

^ sc©#$r- © © # m t&xmw ^tix^oti^. ^< ? « <D#w£.m 
m-exmisfrmmwz&mi^ ^ti^^t^mcm^r-r^^t^xoxmh^ 

& frX£tc 0 slg (asparagine-linked glycosylation) ^m^<D[^H]^ 

nfc 0 ^0^-Calga^^f*#t J F^^T-C*Dol-pp-GlcNAc2-Man 5 (Dol-ppfct h'V 
3-/Vt'n y yg) (Tanner, W. et al., Biochim. Biophys. Acta., 

906, 8199 (1987)) „ $. tc hfe A ochlmnnlalg3 Ha^mfe £ ffl V ^ X M$t % 
*ToT^5 (*&#£>. I6f » Hfif, Vol. 39, No. 4, p.657 (1994)) 0 ~? 
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^J&#teMan8GlcNA2-PA*5 «fc T>*Man 5 GlcNAc 2 -PA £: — g:1-<5 2oO — V Sr^ b 

Mfcl- X OMan^2^^*$nTMan 2 GlcNAc2-PA^^mb, a-l,6££^Lfc 
Man^#m^)^-Kt8ff-r6^S (gB#T-fe h V is*) K£V, Man^i^^-Tc 
*$n7to Clft'bco^^'b, ^<DHm^^^^^-r6Man 5 GlcNAc2-PA^» 

^{ituia^; (ii) ^ufc^^ = TMII0*3t-efesr <i:^jwu^o &*5, 

r (DHm^^^-eMan 5 GlcNAc 2 fc}tT*5fe < Man 8 GlcNAc 2 *>£j£-t-5SEi3 £ LX 
f±, KD =" ' — A* fn!) >^±-eMan5GlcNAc 2 -pp-DolSr^^i-6alga^^^>'l4ff 
^y— ^— (leaky) ft £> Tr fc 6 0 

Ttt. Ieu2.^, kplfiv ura3 ^m. adfi2«, his2^&^fc$ (*m§ 
£^fc#lllfc?£39, ^Sr^aHH^^^fe. 119-144 (1996)) „ 

o&v^<^»^£«A^f;£. m^SWM^ts:^^^, ^ 
±fi^lci^^?rAPx.^< T%^W^-5Ttg^^So ^©l^l?rSl'it©*fef 
Mi$:fir5 (13 4) 0 *i\ ^WrtT^^^i 

$ KJl0^^lt^DNA^^8fffe6V^{i$|5^^:^$^: x ^riCil^ 
^^^^^~«^DNA^^AUT^^3te^O±^$l5iTM^P H T^51^ 

DNA^r^^Jia^^Ai-^^i:^ ^Ai^tf^iW £ ^fe&±tf>;SI#Jiifc 

DNA#^feft:T*»^-f 5 ^cDT?fcS (Rothstein, Methods Enzymol., 101, 202- 
211 (1983)) □ 1 0(D3H5^£*£*-f5<D^ 1 o<D51iR-v-# - 

^^^^*b7t^#«O^^Wa{i|3E^#§l¥6-277086-^^IB¥9-266792 
^lB«^^TV^6o L^Ls ^M^6-277086^lS«^nfc-m^^ ( Aochl 

Amnni) x^m^titcm^ >/<*wmm\a^ v ymmm^n^mamm^ 
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(Ballou, Methods Enzymol., 185, 440-470 (1990) ) 0 — 

x-i-y >-mm&%jE^mm'fz>m L te* (mnn4) u^t/o-^iiioiftg 
jt^n^o^^y-^m^mm^mi- (kre^) <Dmm^^m^tcwm^^ 
(^^^9.266792^15^) tmmznfro ntu^ia#$ ti±mmw<D^m-r s 

bi 4 t4ofc. S in C o « SI -a Aspergillus saitoLS M co a -1,2- 
mannosidaseitfe^&^ALfc^te, -^^y — 1 ~^XisO$r $ ftfc^-T 
vy/-^ M (Man 5 . 8 GlcNAc 2 ) t§ * i ii^ 'feoTV^ 

(Chiba et al., J. Biol. Chem., 273, 26298-26304 (1998)) 0 

(Shimma Y. et al., Mol. Gen. Genet., 256, 469-480 (1997); Wang et al., J. 
Biol. Chem. 272, 18117-18124 (1997); grP^Bft— , Mft^X, ^32tHl^«Jt^^ 
7 * — 9 J* M m M , p.64 (1999) ; Shimma Y. et al., Abstracts ofXIX 
International Conference On Yeast Genetics and Molecular Biology, p. 443 
(1999)) o 

— * — (leu2 r ura3 . Iys2. trpl) (D£X&<D®Lm "life t & 5 „ K^oTt^* 
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AnfeHsHBH-satte^ ( mnn4 ) (*iH*feHi 

&t<d d)~ (14) kbsi-s. 

g*tt^I^^Cfc?:#fJ:U TIBS (I): 
* 

Mana1-2Mana1 v 

6 

gManal N 

Manal ^Man|51- 4GlcNAcpi- 4GlcNAc (p 

Manor! -2Mana1-2Manoc1 ' 
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m.mVtCQsM^m (A_ochl) . MNNl itte?- U fc mnnl gg^ ( Amnnl ) , 

MJ^^S^£i£»L/cmnn4^^ (Amnn4) <&3EJI?gSr£ . ttlfi 

^ijKomms^mmmm^-r^^t^^mt u -hiss; arc^^-s^y 

(3) ma^tt^S^R^araa^^, hiss^, leu^JI, ade2&&, HzdMm. 

(4) tyi/D^t^ ( Saccharomycea) JK fcl P/f £ S > _b|E(3) {CfBgc© 

(5) • ± Hf^x (Sacrharomvces cerevisiae) f^JSi" £>#-&""C 
feS, -LfS(4) miB«c©fP«3eH«Co 

(6) ty*o5t7 ■ ir 1/ bf i/ac: ( Sacr.haromvces cerevisiae ) TIY19 

5, ±12(5) \z.mm<omn&m&z 0 

(7) ±iB(i) ~(6> <o^irtifr\zuMi<Dmmmmw%mmz.jgmv. mmm^K 

(8) ±ib(i) ~(6> <D\,^Ttifr\cm&(Dmm^mm&mi&Kmmi,, mmm*\z. 

mzmmz-mmis. mmm*iz±m&, we&ztizx-v ^mm&Txs*?*?^ 
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(11) ±fS(l) ~(6) m^;ft^cfEi^il#^mi*^ n£fL3gM$l#^ 

(12) ±ib(io) *fcra ai^mmvm&mmwz^m-mmv. mmm^K^r]) 

(13) ±15(10) £fctem) fcmm(Dm&&m&*mm£mm^, mmm* tc*v 

(14) m%m&&<DTx;<7^^m&mm? ^;<?K$:=i- v-tzmm^z^te 

( OCHi ) , *«©*aj£*St-7yy--7S:#iD't5 0-1,3^^7 
^IftOftJPSrffil^I-t-Sat^ ( MNN4 ) Sr**b*:±fB#**ll<* (9S«3fc 

it=ia!si*) ^ HniER-eottFa^fifctcBi-^i-sae^ (algs) 

J&^3t^^£> 1 o-C£>6 a -mannosidase Ilit^^^^Ai-^ r. £ ft < . 
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*mm&. ICMT® (15) ~ (30) {Cffi-t^ e 

(15) otiaMm. muxOM^ nmM^l, als2&&£> 5 
fitt±<D*W*tt«II^K%»ocfc«:Wf»a:l/, TIB^i (II): 

Manal N 

|wanpi- 4GlcNAcj31- 4GlcNAc 

Manal -2Mana1-2Mana1 ' 

(5$4>, Mantel W-J*., GlcNAcfiN-T-tr^^^l/^-y-^ V^^-T. ) 

-e&zn&xv imm*T.x*7 *^m&Mm&£ Lx&m-rzm*>^#w§i 

(16) *«*tt%ffl*l*r*afc : ?«:*»WK:#A-r*Cl2:«i:<, QCHJjgfe^ 

LfcackLgS ( A ochl ) . MNNl itfe? £ flgJg U fe mnnl ^^ (A 
mmil) , M&NAmfeT £ b fcmnn^M ( Amnn4 ) % ALG3 aN5?fcfl£i< 
Lfcalg3jm ( Aalg3 ) (DmmWMil. 5>«c < t» H@J^±OS|S«*tta5^ 
g^^^^Hf ±iE^i (II) T-SSnS^iJ zfJMSfcT^^VfS 

d7) mmm^mmmK^ux&B.^m, biaa&M, lzuz&m, &&&zMm, tx$imm. 

canig ^f>IUnscii:?:^fJ:tS, ± IE (15) £ ti(i6) gBtt © S£« £ A 

(18) -9-y#ni= -tr* ( Saccharomyce^ B Clt^iflt'^ & » ±iB(17)(IfBtt 
"C*S, ±lB(18)(Ciatt©^S^^*o 

(20) #n^ir* • -feH*$/x ( Sacchaiomycaa careasiafe ) YSl34-4A$cT* 
*><5, ±ffi(19)(wfBttO»*g||ft 0 

(21) ±8E(l5)~(20)Ov^-rn*MIgBtt©S^«^S«i%^^fe^^*b. 

±ia^ (ii) x*misn&*v Jmm*7*^5¥>i£&mmmtvT^^zm 

* w< * r «* y y imm z m j&t z z. t * mm t -r s , . * y ^ii nos^s. 

ii 
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(22) ±ma5)~&o)<D^irM>\zmm<Dmmmmn&mi&\z.igmis. &%tm*\z. 

(23) mm*m&&<oTx/<9*^i&&Mm#^s*?m&='- h-tzmfc^&'at? 

(24) Qohmm, mnni^^, mnnA^M, aig^mm^mm^w^w^mmmm^ 

(25) ±|B(15)~(20)C9V^-ri^^^l5«^^e:^m«{-. ^fL^l^i^^^ 

(26) ±m(24)^fcte(25)iz.fd,m<Dmm^mw : kmMizigmv. m^m^^^-v ^ 

(27) ±m24)^fcte(25)KmM<DMmmmw&mmzmm\^, mmm^^^-v =* 

(28) m%m&&<DTx/<7*c>'U&M ! m* w^sr*^- Ft-sate^-atp 

(29) a-^^y &imfc*&mA£H, i/¥— j £im>&$:^-r 

(30) ±15(29) -^12*©»S«Sri«ifitC^*L, «f#**f a - 

i/^-ifii^^^-r^ r t*t$m.k-rz>, a --ws *s?—' eiKDmm&o 
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*mmmiz*m<Dm$cm<Dmmx'hz B^mmftmmw-j&i 1^23321 

<£ % H, C % Ett. ^jh^ftBI 3 © I , D. F m«E < e 

^^^K*Sfi!lOAinide-80*9 A-COfflfat^Sr^'f-o 
a : TIY19^0-^^-^-V)^^ 

b : a -1,2-mannosidase^m A VtcTIY19^(D^ ^i-^m^ W(Dmm. 

W^fCMI©ODS-80TM#7 A-CO«at»«fSr^-t- 0 
a : ^ (III) t?^$^S«5t©«2pJ»^ 
b : HI 6 VtcMft 

B 1 CMi, a -l,2-mannosidase5t^ £ GnT-Iite^£^A LfcTIYl9#5<Z>&B 
JS&JI"v ^ ^ * .W< * «*£#©Amide-80;& 7 A T*0«3g^?*ff Sr^-T. 
A:-<^-©^£ # A L fcTIY19*fc ©*f 0*a£##r 

B : a-l,2-mannosidase3te^tGnT-iae^*^Ab^Tm9tS<©«««5£» 
#f 

a : Man 5 GlcNAc 2 -PA 

13 



WO 01/14522 



PCT/JP00/05474 



b : GlcNAcMan 6 GlcNAc 2 -PA 
c : Man 6 GlcNAc 2 -PA 
d : Man 7 GlcNAc 2 -PA 
e : Man 8 GlcNAc 2 -PA 
HI 1 1 «\ a -1,2-mannosidaseit^-^ t GnT-Ktfi^&aiA LfcTm98c©*» 

a : mm&<om&m 

B : Ell 0. BX'fr'&Vft.mft 

mi 2tt % a -mannosidase II^te^^A LfcYPH500^Mttffi*g£rffl 

A : ?—<Dfy (pYEX-BX-3HA) Sr^A UfcYPH500^^ £> <E>#Bfl&*fcffl;?£<£> 

B : 7 a-mannosidase-IIiHS^Sr^tf^ * — (pYEOM2-HA) Sr^AL 
YPH500ffc O JNO j&tt ffl ?£ <£> * ^ ^ v ^ a y h fl?#f 31** 

Hll 3«t, a -mannosidase Ilitte^Sr^A UfcYPH500#c<D&BJMtti*&£ffl 
l^fc a -mannosidase IISttM^^^^^^^o 

A :^?*—<Dfr. ( P YEX-BX-3HA) Sri|fAUfcYPH500^^i4«fl5£*£* 
B : 9 a-mannosidase-IIite^^r'atf^^ (pYEOM2-HA) ^iAL 

a : GlcNAcMan 5 GlcNAc 2 -PA 
b : GlcNAcMan 3 GlcNAc 2 -PA 

Eil4{i N FGFit^^^r^A b7tTIY48^ (_h®) , R ^FGFiUS^ 1 t a - 
l,2-mannosidasejt^^^^AUfcTIY53* (Tt) (DFGF^iK OAmido-80# 

GlcNAc, GN : N- T -fe ^A- ^ ^t^V 
Man, M : 

PA : 2-T5 / t°y vvWb 
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IH?iJ#^-3f4, MNNl i»>K^cD3 ' $fiS&£±f ii§1-<5 tc^(D^9 4 -^-C 
SB?iJ#-5§-4te, MNNl i»fc^(D3 ' |gii&£±f if^i" 5 tc £> ©7? -Y -v— D Sr^i~ 0 

E?!|##6tt, MNN4 i&fe-^(D 3 ' ««Sr.JS«i~ 6 fcfe©^7 -f ^~ F tr^tV 

ib^ij##-i i tt % Amajt^^o3*n^^Jtii'S-rsyt^(D7 D 7^-7-K sr^-r 0 

gB^iJ#-§-l 3tt, a -mannosidase II&te^ON3fc$8iBmJgc£:ji#I-t-5 frXXDZf 
94 ~=? — M ?r^*f~o 

gB^J#-S§-l 4fi, a -mannosidase Iiae : f-©N5lcjS6ffi9ffi*S:HI«i-S/t&©7 
"V — N £r^i~ 0 

lB?"J#-§-l 5fi. a -mannosidase IliUS^© "I 3 ^r^'gg^ ^S"^ ^) fcfc©/7 
O ^r^-f"o 

SB^IJ#-^1 6te, a -mannosidase II3tte^<£> t J 3 £:S&^*£3:it#S-t-<5 liLVXDZty 
4^—~P &^-t<, 

m?m-%-l 7f± v a -mannosidase II»^^©C5fc*gftliB#&i#4Bi-.5 7t 7 
E^0S#1 a -mannosidase n3te-T-©C5feiim«ij6 5 *l$><OzT 

E?9#*'l 9tt, HA-tagSr 3 J; 5 Ki^^-frSSte^Sr^ — Ki~ 

5— *«DNA©ia^js £*M- 0 
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IB?lJ#-§- 2 2 ft, a -mannosidase Ilit^Oj&gj^g^O — gJ$&itii>Ii-S tcfr<D 

IE?iJ##2 3te N t hUDP-GlcNAc Transporterit^^^igi|"Ii-5 fcfecOT 0 ^^ 
•e— W ^^-To 

E?J#t2 4ft t hUDP-GlcNAc !Vansporter3te^^iiiiiIi-5fcfe©7 0 ^-r 
X &7F-t 0 

ga^J## 2 5 tt, t hprepro a -factor^ FGF5te^^±t<f'S-r-6fcfe(^7 0 7-r-^ 
— Y §r^r o 

BB^J##2 6 Wt» t hpreproa-factori:FGF5t'e j f-?:±ii| ! ii* ; 5fcfe(D7 P ^^r^ 
— Z 3r^1- 0 

<fcv\ 

£A, lfiu2*A, adf^H, trplf^ canl£Aa>*>»tfn5o 3£*^*t»JI 

#AS^^» s #v^{5if#^:<D^«®^tt^^«^^gi^^ 0 

16 
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xh% 0 j;o-c. 7t(Dm&&:&x<Dmfe*&m-£u<\ 

*i\ ^W5l^^cD^«^i^^^DNAa^^»f^-comSf{i, Saccharomvces 
cerevisiae oyM^P^a^ htiU, V^iX% ^(^feft-bOlSM^IEftl-C 
£>5 (Goffeau et aL, Nature, 387 (suppl.), 1-105 (1997)) ri^b. 
ATCC (American Type Culture Collection) t£ fabMftMte^O 
!5:i%&^tfm.fc1 L M)i<Dft J 3-*%:tfZ>^ t fr*Smx&Z> (ATCC Recombinant 
DNA materials, 3rd edition, 1993 ) 0 * , — j& ft) # jfe b 3* o T 
cerevisiae ^^<^y ADNA^ttffit, g fftiUS^- ^jI^J-T 5 ^ t K <fc D -PTtMtr 
fc5o _tf5i-*5V^T, S. cerevisiae ^ ^ J A DNA O fa th fit, itil Cryer 
b<D%m (Methods in Cell Biology, 12, 39-44 (1975) -) *5 J:0R Philippsenb 
CDjjfe (Methods Enzymol., 194, 169-182 (1991) ) l^otlr^?:i^t'# 

tt x -f^tf>n (in yitri^T*DNAcD#^^^^^:0^^(DM^O-fe^^ • 
^-ir>-^^7^-e-. »£M£DNA#y ^ 7— if, DNAiiit>Sv-^xA^^a^ 

-f^^^-b LT25~30merO^^l^DNA^, UT^ 
/ ADNA^fflV>5o 

:£3§l^:feV^^lft:Se^£>££Jgf3:, Rothstein, Methods Enzymol., 101, 
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202-211 (1983){-§B^$tt§^?fe{cS^«J^oTtTVN5 5 0 Sf, 

-f&o £X_t<Dmmz.£V) . igAHrJt (ii^-#-£^&^l)NA«3g#) 
©Wffi^^#:±^^al^i:co^|^^^©ffir'2ll]om^x.^^^ U ife 

$nTV^^7^$ K (Alani et al., Genetics, 116, 541-545 (1987))^ e>MaG- 

K-^^!9^^^Hfc^^-CfeS^v fe^MJfefeTJTSi-m^LMt ft 5 (0 5) o ^» 
liis^W-e(Dt@IIl^)m^-ife^{*5-7^^-o^-c2 (5-FOA) {dj; 9 frft 

^T*§So uj^^^fcte5-FOA{<:iiH±-Cfc "9 (Boeke et al., Mol. Gen. Genet., 

197, 345-346 (1984); Boeke et al., Methods Enzymol., 154, 165-174 (1987)) N 

Ura3 + ^m^^^o^BJ3S*fi5-FOA^±t&{cl^W-e#ft< ft£„ iot, 5-FOASr 

XfoZ> 0 

WTs ^©MNMlSfi^Stt^ I^^ft^^^TMNH^it^^s 0CH1 
ochlAmnnlAmnn4) ^H6:^t*#5o * fcM^|1Wft^^TALG3iifc 

tt&m&ff? ztKx *k *&m<Dg&jk-tz>%:ms$:®immmmm ( Aochi 

AmnnlAmnn4Aalg3) tri^lH s -e§5o 

^(Dmmm^-r^mm^^m^mmB^mmmmcx tJSftt^nftv^ 
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*fc. OCH1 . MNNI, MHHi^^^iJlHl-ALGait^^^^^^cfcM 
T'llmnal^^, algE^tf) H &3E#M*«rfUffl-t?£ S t>K MN N4 it 

< £ % 5<B£Ui£fc5o 
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(Becker and Guarente, Methods Enzymol., 194, 182-187 (1991)) 0 

<om&. T)Vt> y/SDS&£^/ — jvfrm-c £6DNA#3tti, Hf-RNase&fS, 

il^^^&x ^iJ^fcfv^^^v'jS (Sanger et al.. Proc. Natl. Acad. Sci., USA, 
74, 5463-5467 (1977)) ' *£\Z. £ 9 frfc 5 - t 5 C M^-hfBDNAi&ggE^jGD 

mmmzttm'tzz.tfrxzz&s zbK^^zfv <? km. m^m^mm^m 
a*, ^^x^mm^mm^^m^^^m^ia^m^^^^o m^x, 

mmtoTkftmmm&fe+mk VX&, a-TlsS^f—H ( a -mannosidase I, 
a -mannosidase II)^<E>3tte^ JfijS^iitif 3t^l¥ £ Ittt, H-Tl£7 L A'?A> 
=i /Is fyy77x7^ (GnT-I, GnT-II, GnT-III, GnT-IV, GnT-V), # 
7 ^ h h 9 7 a 7 — if (GalT), 7 = >vW h7^7x7 —if (FucT)^ 
£^at^, \s*3-\*nmft&m*mt UT«, UDP-GlcNAc Transporter, 

UDP-Gal Transporter *SOj|fe-T-*t*'lf w^?>©I^H:iiai65i5 
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nta^flSO^M-t-S^-r-^^y-^M^ (Man 5 - 8 GlcNAc 2 ) , 
(GlcNAcMan 5 GlcNAc 2 ), ig-^M^iK (Gal2GlcNAc2Man 3 GlcNAc 2 ^) tm—(D 

JMfrWfclM:. tXHMItt ( A ochl A mnnl A mnn4) & 

54 £c (a -mannosidase II , GnT-II , GalT . UDP-GlcNAc Transporter, 
UDP-Gal Transporter it &=f-) & M A"T 5 £ t \Z. «£ *>\ 
(Gal 2 GlcNAc2Man 2 GlcNAc2) £r£jg ^*5riiSt^5„ 
$ to Kl, GnT-IV, GnT-Vit^^^r^Ai-5 CitaD, H#0l«£-S!*GF0L 

£&9g&1£&JMfc£ U-CEgm^M» ( A ochl A mnnl A mnn4 A a lg3) §r 
/Bl^*§^3\ o -mannosidase Il-ft^S:* Ai" 5 ni:*< , Hi?USM$£iK<£> 
^-^^^il^^ ( a -mannosidase I, GnT-I, GnT-II, Gal-T, UDP-GlcNAc 
Transporter, UDP-Gal Transporters!^^) SriAtS £ iC «fc 9 , 
(Gal2GlcNAc 2 Man2GlcNAc2) &±M£lt% 

^fi^Sfc^cte, v^/HB?9^SrffJPi-5 £ t i>m%>X'& Z> 0 it 

fe^#A(CoV^Tij:2/ t m/7 7 5 K^-Y 7° ( YEp $ 4 ~7) , ffe£#:m^&^ 

tev^t* 5 r t So YEp^-r ^cd-<^ tester t-t-iAt^ 
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ZLb#-C% %o Zfc&fc&^zfv*— ^-^GAPDH, PGK^ 

%ffi?^' < ?W(D±m%ft5z.b&^mx*frz>o 

_Lfag##^#M*£r^3E£ U-C, KtSl^ (cDNA 

-g-^iffi mmm, mm&m. r^sm. t^s^sr&tf) m&mm 

t?# 5 (Sherman, Methods Enzymol., 194, 3-57 (1991)) 0 
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(DEAE) -t7 7 n-^^v^^V^ci^-r^^m^ h^77^ 
S-Sepharose FF ( :7 r ->T*±$g) H<D \/^>%m Wc&i-T n ^ 

fc^zktt^ F^ 7 7^S, #^tit£^fc<7V^;3ii§igU His Bindl^V 
(NovagenliM) ^^^fflV^c77^-f ^-^nv h^77^-fe, ^ n v h 

CHife^ 1 ) Bi?L^M^^^^tgSr^-r6S-&^^» ( AmnnlAmnnlA 

i-T'^^^(Dfe5pNK51(Alani et al., Genetics, 116, 541-545 (1987)) J; <9 . 

V^6^-fe5/h (HUH) ^BgllliBamHIT^^f 7cl§07^7^ $ KpSP73(D 
EamHmfe^^AbTto r^7°7^^ K£pSP73-HUH£ift£ L7t 0 

DNA^SSH^IJ^, GenBank^— X \ZL23153X*&m&tlX\s^Z)(Yip et al., 

Proc. Natl. Acad. Sci. USA, 9, 2723-2727 (1994)) 0 MNNlitteT-O 5 ' <§M^& 
y°7 4 -v'— A(GGATCCGAAGAAAACCTAATACATTGAAGT : 1 ) £ 

y° 7 -4 B(GCATGCCCTTTGGTTTAATATAAATCTCCGGAGTGC : IE^iJ# 

# 2 ) £ /a v> r , * fc , 3 ' m m & -? 7 - 
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C(GCATGCTACATAACTCCAATCAGCAGCAAATATGTC : IE?U#-P§- 3 ) t 7" 
7 4-*— D(GCGGCCGCGTGTTCTGTTCGGGTAACGTTTAAACCAAT : IE?iJ# 

#4) £fflV>T, ^n^PCR-TieWUfco me>oDNABf>i-$:Hisa-^-*- 

$ KpHYHOSphI^{4{-il§-ii^> pHYH AmnnlSrf^JSi bfc 0 
MNNiae-^SrHUH^-fe'y h ^ffi V^T^^"T 5 fc ^ , 1.8Kb<DSpJiI 
pHYH A mnnl pSP73-HUH (D Spill §13 {4 \ZL W A L- fc pSP73- A 

mnnl::HUH £«HL7t 0 ^7° 7 * 5 K£NaiJlB#T--gJ»H- 5 ^ t \Z <£ 9 
fbL, gjfe#EW303-lA( MATa leu2-3 . 112his3.11. 15 ade2-l ura3-1 trpl-1 
can1-100) frBEe&U ^fr Afe (Ito et al., J. Bacteriol., 153, 163-168 (1983)) £ 
m^XJ&W mm b 7t o SD-Ura (2%^vn-^; 0.67 % Yeast 

Nitrogen Base w/o amino acids (DifcottjR) . t7 7 S'/HSrBSK 
t/T^/iH^ (20-400 mg/L) ) JgifiJGOT 0 1' — h Kl^T, 30 < C-?2BWJ# 

5-FOA^^a^-bfcYSD (l%l*S:fl&m?0u 2%7*/l'=i — 7f 

~> (40 mg/L), 7 7;>M20mg/L)) lCTSJfe$r?TfcV\ IIRAS-it^^^ 
#fc„ JifB^^&^I^^^PCR!£^ffiV>TIIEAait^^l^^$*fcinnnl^ 
tfc&flMBL-fco Amnnl :: hisG ^^tf^^TIY3^^ Ufc B 

N-fe&mmM* 5 tt5-f >"<^*—- 0 -¥-< 45: £ # 
£P b V > 5 o YPADit ifi iz X igm L 7c m±m& X t>*TIY3*fc £ -t tt-^tb v' a ^ 
n— *0.2%&-£b9HgJSF:l& (l%gi©tttti?£. 2% Bacto^T" h V % T7-^ (40 
mg/L)) fc:??«»U 3^W**U^o 0#%lelJfcL£: SDSi>- i'TVw^ 

77- ^i§L#7;*tf— XizX&&Vti<Dlb. ±.m&m^T6 % SDStfV T9 

h y 7 j=;1/t h 7 ^ y 7 A Srffl VT?£tt2fe&$:?To 7c (Ballou, Methods 
Enzymol., 185, 440-470 (1990)) o % TTY3& 5 << 
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(2) A mnnl A mim4 %*g#te ~ Sag&«£<PffeK t Z <D&W 
MHmmfc^-te, iSIl 1#^£,#^{£«U MNNJjt^ODNA^XIS 

n , GenBank^ — ? -< — ^ lC D83006 X%t§skc£frlXb^& (Odani et al., 
Glycobiology, 6, 805-810 (1996)) 0 MKH£mfc^-<D 3 ' M^Sr^^-^ — E 
(AGATGCATACTAGTGGGCCCATTGTGATTGGAAT : gS?iJ#-^5) tzf? 4 
— F (CCCCCGAATTCGTGTGAAGGAATAGTGACG : §S?'J## 6 ) SrffiV^T N 

* *l , 5' m m % ? ? - g 

(CCCCCGAATTCAAGTCGGAGAACCTGACTG : gE?ij#^§- 7 ) tzf?^^ — H 
(ATGGGCCCACTAGTATGCATCTCGCGTGGCATGG : SE?lJ#-5§-8) SriBl^T, 
-^fr^tiPCRT-igii'I Lfc„ r*x ^ cDDNA^ffit SrHUH^ir 5/ hSr^ofusE 
pSP73-HUHOEcoRIlaSffi^*a3&^N P SP73-Amnn4::HUH £rf£SHLfc 0 

^VN-C^ir^mUfc 0 SD-Ura*£i£<D7°Ix- H-l^T. 30<C-C2 

?£«*Egl#«fc 9 ADNASrWiSiU. PCR&ld J; 19 ? 7 - # - jjs 

5-FOASr^bfcYSD «Ffl6tCT3BS[*fT*V>, IiEAaat^lfcSP** 

3g#c£ltfELfc 0 Amnnl::hisG Amnn4 :: hisG ^-^tf^^^TIYll^ £ bfc 
^^^(75 y Vlfcg©*rit«u T^^Ty^ (alcian blue)X%k&fttf S £ <b 

5 0 ^^-c% itija^pH3©i«iciiL-co.i%07/vv'7y^;i'- 

8GX(SigmaSL code No. A3157)&* IHR+lz: !J ^SS: t>o t> of;:tt 
i©fi^iSiA/i'y ^m&&Wtctj:^t£#>. Tfri'T>'ZfA'—\Z.%*l£. £>fcv\, 

TiY3fc £ OTiYii * ^mmm^ x mm l , -ttt-eH^jfwii&srT/u^^ 

(3) AmnnlAmnn4Aochl ^^^^aHa^^^f^^^(^ag 
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GenBank-r — ? ^. lCD11095t?^fS § ttTV^ 5 (Nakayama et al., EMBO 
J., 11, 2511-2519 (1992)) 0 i"efc«j(S$ tlX^ZQ£Hl&B s ?-<D±&$:'£Zt 
pBL-OCHl (Nakayama et al., EMBO J., 11, 2511-2519 (1992)) <DQ_£Hlif 
^ftnAs&I-HmintiL&®m U ¥^*$HbUfcpNKY51«fc t) #7tHUH#-tr .y 
h Sr.lf A U^tpBL- Aochl::HUH- Srf^tiLfeo ^^7^5 K £ Sail *3 «k 
EamHI-e^J»fi-SC £K:«fc D Aochl::HUH &^tffcH*«r*J 9 Hi TIY11&^ 
II y ^#Aifc-CJBKlESIUfco Aochl^^-atf^fi^SSiE^^tt^^i-^: 
«>v 7£«ite&&. 0.3 M KCl^r^tf SD-Urai^ltfecD^ 0 1/— M^^V^Tx 3O°C-C20 

*tfc«r, 5-FOA£0.3 M KClSr-a-frYSD J#i&Kl-Cil£t £frfcV>x IIRA3JHS 

Q£hlffcMW& : femVtc 0 Amnnl ii hisG Amnn4 :: hisG A och 1 : : hisG Sr ^ tf 
£rTIY19$x£ Ufeo 

(^^*o < «T|TK 1TB 1 # 3 -5§0 iC^Efc 11^7^ 2 7 0 ^r*gf6#^- 
FERM BP-6802£ UTSBK*t££ft"CV^3„ 

ccM5S^^^atf*TIY19tttt> /^^y/^Sfi^^tSfc^ V^/l/ 
^-^(D^Wi^K m%M. TIY3#xx TIYllt^{C)t ftZ^k tfjahtlX 

TIY3, TIYll,TIYl9^«t <9 ±fBlC^ b >-</l^ — if £^{±5 U7c 

»^t*. TIY3, TIYll,TIY190ffilC^i&^^#.< fcoTV^C ir^t^t 

C2U60«2] Pi&^g^»tt&MtBfr^ri-51»g3E&gfe- ( A rannl A mnn4 A 
ochlAalg3 ^3jg;£feBfi^j|ffx) (DjfcMb^<D&W 

GenBankT"— ^-<— ^^Z35844-eafift$tlTV , »5(Feldmann et al., EMBO J., 
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13, 5795-5809 (1994)) „ ALG3 3ft ^ <D 5* ^ ^ & 7 s 7 -f ^ — I 
(GCGGCCGCGAGACCTGAATCTTCGACACGCAAGAAAAA : iE^J## 9 ) t J 
(GAATTCGCTTTCGAACAAAATCAAAAGGGGCATAAC : IE?lJ#-5§- 1 0)<£rffl 
V^ X „ * tc , 3' 9^.^ — K 

(G AATTC CTATC CAC CAAACTC AC AAGCAAGC A : IE # ^ 1 1 ) t L 
(GCGGCCGCCGAGAGGGTGAACGGTGCTAACTCAGGATT : IE?iJ#-§- 1 2) 
^/Bl^T, ^tb^th?CRX»mmis± 0 i^bcoDNA»r>t?rHUH^-fe^ f^r^o 
pSP73-HUH<D;toRro£i::il&52 ; ^ pSP73-alg3::HUH£f^ Lfco 5 
K &Mo±lM XtyVft-f 5:iia>) Lt^-ft: b , TIY19$c £ gt& V V A £ ffi ^ 
T^K^mUfCo SD-Urai^jfeOT 0 !/- h^^V>T, 30^X2 BPhI 

ALQa^^#.^l-Mii*nTV^5n^«r«^U. YS134**£ Lfc„ 

#?c 0 _tl2cD^■fei:|^#^PCRfe^fflv^-CURA3ile J f^J3^^,^$•*fcalgam^tt 
£:5tfSbfc 0 Amnnl :: hisG Amnn4 :: hisG Aochl :: hisG A alg3 :: hisG : Sr'a tf ^ 
tfc£:YSl34-4A#c£: b/c e 

J3t (^So < lifl ITS 1 # 3 -§•) ll¥7^270 fl"Cgf6#-i- 

FERMBP-680l£ LTffl|^«f££n-C^5o 

alga5S^^^■t^*YS134-4Att^i^*^^v^fcfc, >f -if <D&mm 

fr, m$LW, TIY3^, TIY11#U TIY19^(c:it-<#-< t£Z> ^ btf%Hb>3nX\,^Z> 0 

TrY3^\ TIYll^, TIY19#c, YS134-4A^ct <9 HJSfcl 1 (1) ^^Ufc^feT* 
>f J^/i^-if fctfcW LfcJg*, Sfr£tfc, TIY3^, TIYll#c, TIY19#c. 
YS134-4A«CD)IR{C^»J^^^< jfeoTV^ r ££mi&Lfco 

C«^!l3] AmnnlAmnn4Aochl ^^S^ftHS^^^b^^J!S^ie^ 
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teVIt (Peat et al., J. Chem. Soc, 29 (1961)) „ 

0.3 M KClSr^tfYPAD*as50 ml-^500 ml^S P '7 7 * = A*V. 30*0 "C24 
.B#Wi#*IU BS^Sr3t'L^«I^J;o-C*«), 10 mltfUOO mM^xy^f h y ? 

(pH 7.0) fcSHMU tf— V— ^tf-C121 °C, l^Fffij&njftL^io ■?£ 
£p# N it>fr#lttU _h?f£&9, mM^oit. <b 5 — ^10 ml<D7k%M?LX 

(conA) x^^mmmm (0.15 m*^-*- h y 9 a. 0.5 mMSiw/vy^A^ 

^•tfO.l M y VSH- h y (pH 7.2)) KljgtfU conA-rtfn— 

7 A (0.6 x 2 cm, *^y3-^^-> 3 yttI) ConA^^AfflM 
«^T*gfe#-#, 0.2 M©a-^f^y;;> K£r^frConA# 9 AfflittWfflg^C^ 

DfcbfCo f S^ii«p B p ^ 100^ 1©N-^ !/ n ->^-t'FfflI»m 

(0.5% SDS, 0.35% 2-^ -/^# h / — tfO.l M Tris-HCl@W$? 

(pH8.0)) 5^r s 1tWl^Lfc. ^ifiSTMILfcSK 50/zl£>7.5% 

Nonidet P-40, 138 /z 1(75 IfyO, 12 jli lcON-glycosidase F (^jjyrtl) £r 
JPX.. 37"C % 16NFlW&SL/to BioRad AG501-X8* 7 Aflilf, 
^/-/V : ^un/fc/V-A (1 : 1) &DnX-WlV<mWLVX, nwfe&m t 9 V '< 

#e>nfc^^r^^^ (try ^7 5: /to. PAftiwp) i~£fc£u 

©»f^Srff'*o^» ilPlp^mit^ 40i*lcD# y^y y^KI (552 
mg<7>2-r $ / t°y v?>-^200/zl bfc) ' Sr JO ^L. 90^C, 60 

#*n.3Lfc 0 ^ig.£"T?MU/tgL 140/zl ©»5cf<36 (200 mg<D /K^ ^ • v> ^ 
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80^, 805>^iaLfCo SJ&iK T^~T7k&200 ml^fc^. 
/i§J;5l:7x/-;V: ^pp*/VA (1:1) £2JP;t, M b < mm. UTPA'fb^- 

%I^*bfCo _h*£l;ioV^0.22/im ©7 — "CSSi® U PA^ y ^$*ff 

•5 ^ ^^-BT|gx*fe5o # 7 A teTSKGel Amide-80 (4.6 x 250 mm. JiCy— ffiD 
£&£f U »j|Kf± v 200 mMWtWl- b V 5 ^WffiWL (pH 7.0) £ Tir h 

=. h y C935 : 65CD^^& (Afl£) , 200 mMl^t- h V ^ frT 5 
(pH7.0) tT± b~bV sis t(D 50 : 50<DM&Wi (B$Q %P^bfc c 
^fcMtA£:^5gl.O mVminX-m-r^tiC X K) *7 A^rW^U s fW&AS: 
^^b^B^#J^^25^^^-C50%^Tii:^^^Jb#$^:, ^<D^ tg«EA£ 
IMB$r50 : 50O^^5^ffi?Jitb, PA^b^ y ^^r^fcH Lfc 0 ^ ©fg^SrlH 6 M 
^i~ 0 Aochl AmnnlAmnn4 ^^^^'feHa^^-efc6TIY19^0^M-r^ 

Ot c -^«Man 8 GlcNAc2-PA^D B n (^rg3i$SD ©^{ii^g £ — ffc Ufc 0 Ufc^o 
t, TIY19$cCD±jgi-£-^ Is-y^Z S^f*MangGlcNAc2©^^r S — 

[ H Jfe #J 4 ] A ochl A mnnl A mnn4 ^ilfttHlf itt^O a - 
mannosidase I 

mannosidase I ( a -1,2-mannosidase) ©jt^^f-^r^^M^ttHft^^^ld^A 
PifL^fl^M^ feWdllSLSMil^aoWK^-c*, 6Man 5 GlcNAc 2 ^^Sr^#^T- 

BE ^ m ^ y CD 5 Aspergillus saiMS M(0 a -l,2-mannosidaseCD/h^f£M 
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Zg^Lzf?*-^ KpGAMHl (Chiba et al., J. Biol. Chem., 273, 26298-26304 
(1998)) £&V\ TIY19W&mm}) ^A8re^@$g&Lfc„ —;V t b 

T„ a-l,2-mannosidaseil>g^^-^^^V^-<^ P G3fcitT-^Sfe^Ufct5^ 
^rfflV^o 7f£SC$£^^ SD-Trp (2%^/^=^ — ^, 0.67 % Yeast Nitrogen Base 
w/o amino acids (Difco*±§g) x h'j7 c h77^^< m^MM^ «k t*T 
^-8^ (20-400 mg/L) ) i#±ffe©7° h fcl* WC\ 30^^20 HQ)** b> ?f2SC 
te&ttfc&fco #£ft7^S£&&#£TIY19pGAMHl £ b/c c 

t>o-cn£> mM&\3 (Dmgktmm, itioof-n^ti (@7, a), 

Man 8 GlcNAc 2 -PA^p°p (^JgagJK) O^ffiffcHt— Stbfe. 0 — ^> a -1,2- 
mannosidaseat^T-§r-g-tpTIY19pGAMHl tit, it40(D tf— ^ a$JL h tltc 

(17, b) „ £ ft £> fc? — ^ 12 tiJ <£> -P- 1 Wlfi id Man 5 GlcNAc2-PA > 
Man6GlcNAc2-PA. Man 7 GlcNAc 2 -PA. MangGlcNAc 2 -PA^ p B n £ *tti4fc'«3&S — §fc 

& Kl^tii 2 s * t> -9^ o fcMan 5 GlcNAc 2 -PA®;fr Sr b , i£*B # 9 A tn tfe b „ 

iirdSBTtB-CfcSo # 9 -AfiTSKGel ODS-80Tm(4.6 x 150 mm . my—®) % 
ffifflU 100mMftH7y*-^A^«f^ ( P H4.0)- (AM) „ 0.5% 1- 

■7? J— /v-^tflOO mMS^Ty^-^iii (pH 4.0) (BBE) SrifMb 

^&^g£A£^g£B£:95 : 5T?»-&biifc 1 t>«>«r«Eai.2 mUmin-«i- ~ h \Z. «t 

«JK:±*S*, PA-fki^y ^ttFSrSFfflbfco 8 K:^i- C ^Sibfcfcf 

«*®#l*> i&tB* 7 A^fci^fc: lootf— (12 8, a) „ rcDfc°— ^ 
T1E5£ (III) : 
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Manal v 

6 

3Mana1 N 

Manal X |v!an£l- 4GlcNAcp"f- 4G!cNAc (III) 

# Manal ' 

(5£4U Man GlcNAc&N-Tir ^^JOI/^ 5 # It. 

GnT-I ^^giS&^^-To ) 

7c (IU8, b) . l/fc*JoT, TIY19pGAMHl SC^itS^ytV^ V/^ 
Rfcfi, il/SSI • tt-&SOtffffi#-e*)SMan5GlcNAc2Si©«ltt* s ^*tfrv>* 

3fc**JEk*>i:&o7c. 

[£J£0!I5] mj^Mlill (GlcNAcMan 5 GIcNAc 2 ) ^CO^ 
^-rm^MMII (GlcNAcMan 5 GlcNAc 2 ) ©£-&/&©«i^tfcftf <Dtt&. 
-t?GnT-I©#J5!£j& £ /B g 6*j|g$ICD^^ £ fr& o 7c. GnT-Hi* ©MWI&fi: 

W -^»*^0*/3 -1,2 M-&T?GlcNAc£3£*£i-<5 3. £ <b *tT & . 

7^ hGnT-lSte^CD^ST'Cfgm&^ffl^t- iot^l/XV^ (Yoshida 
et al., Glycobiology,9, 53-58 (1999) ) . :©]|fi?«:7/Vf 3tf-^7^? H 
t?*SpG3©GAP-DH^n^E — ^-©T^t-SEttL/fcft, Smal - KafiTt*?J9r U 
:/P^-# — fc^niw&<GnT-I0ORF» 9 - ^ * — * — % ^tf«* U Tcb 
7c 0 ^(cd©ifJt^^;V^=i f-^7X5 KT'&& P Y0354£>SmaI SPttt^A 
Utc. ^oy^^ K£pYOG4£i$£iU7c 0 3 coy -7^^ b'£J8>\ m£MW- 

mYFH5oom*mmv**&&-eT&nmm\sfr. mnm&'&. sd-tt P (2%^ 

3— ^ v 0.67 % Yeast Nitrogen Base w/o amino acids (DifcotttSi) s b V ~? b 
^TV^iK&MSfcitfT^ ;»S^ft (20-400 mg/L) ) t%M<DZfU-h 
IZtL^Xs 30"C.-C2BKJgi6U, JB*lE£#*:#fc. ' # «>nfc^ftte*#S: 
YPH500/ pYOG4il l/7c. 

3^1^500 ml©SD-Trp (2%20V3— 7*. 0.67 % Yeast Nitrogen Base w/o 
amino acids (DifcottJS) , b U ^ b 7 7 > < i^S^ «fc tfX 5 J 
« (20-400 mg/L) ) U JMUfc. ^zKT'^^m. ^7xD^ 
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7* h&t& (lMy/H;'f-;^t^50mM ])>Wt#}) VJ* (pH 7.5)) 5.7 ml 
izMffiVs 2-^/1^^77° /— £ 12 mgc^Zymolyase 100T£r300/xl c£> 

^yx.vy'y xhmmKmMistinz-. 30t;, 45#fHm?§.Lfc 0 IMy^fc'F- ^ 

15mlSr*P^, 3S'fr3L &Jg£f?m My/I'fc* ^15 mlT*^, *®Ufc 0 r 
(DitmKlysis buffer (250 mM V tf h — 2 ^g/mUVf 2 /z 

g/ml^^E-^^^-^. 3 /ig/mln-f^yf y v 3 /xg/mH/^^f V, 1 mM^y 
X7$^y, ImMEDTA, ImMEGTA, 1 mM PMSF^^tf 10 mM 1> V.^-f 
/-/V7r/ (pH 7.2)^1) 2r4ml£D;l, *^Er if — -eM£r$clg b, 220 

x gT^^UTJbW ^[HlUXbfCo r<£>_LM££ 100,000 x gT'il^U *©'tt 
^®5>^lysis buffer 150 /*1 (C^vSb, GnT-I(DmmMWi£ bfc 0 Mlp B a 

itJ^gfA) ^*SfiL, rn&200 pmol#^ Lfc 0 

^^±f5T?P^UfcGnT-I^^^8.2Ml , 0.2 M MnCl 2 2 
Ml , GnT-ISJ&buffer (0.17 M MES (pH 6.0), 1.7% Triton X-100, 0.34% 
Bovine Serum Albumin, 8.47 mM AMP, 1.69 mM UDP-GlcNAc, 169 mM 
GlcNAc) 9.8 til ZMtLs 37^, 3B#F^KJ& £ii:fc 0 5^t» tTgj£f*±t. 
0.22 //m (D-7>{?VZ — T^i§U, HPLC^ttb^ 0 

^7^ A{iTSKGelODS-80TM (4.6 x 250 mm, jfCy — $g) U ^^fi, 

0.15% 1-^*/— A-^-afr 100 mMg^^T^^^^ Ai^^^ (pH 6.0) £rJ3V^ 0 
^£>?g|&&^Sll.2 ml/min-C^i-^ £ K £ <9 # 7 U fW£&A U 

3Hc2o(DK°-?X'hX) , < ^t±J § ftfc * «Man 5 GlcNAc2-PA^D B n (Si 

J: SRia-tff.&fTfcofco TbermoQuest%hSLASERMAT2000^^V>, vM) 
S> ^ * £ LT2.5%tf>2,5-dihydroxybenzoic acid, 40% T"feh — h U /VSr^t? 
0.01% P >-^2^ h y &#f£fT&ofc 0 gj^EcDt: 0 -^® 
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(m/z=1521 (H+); m/z=1541 (Na + )) tlZfflmV 

Manal v 

6 

gManal v 

Manal JWanpi- 4GlcNAc{31- 4GlcNAc 

GIcNAcp1-2Mana1 ' 

(5£4>, Man(iV>y-^, GlcNAcfiN-T-te^V^nlJ-S >*a*i\ ) 



[ m M m 6 } A ochl A mnnlAmnn4 $ ig*ttHl^gft a CD a - 
mannosidase IsS'fe? h GnT-Iil'te^CD^A 

GnT-lStte^ £ m A L, » gi S *l «fc v> . C*M::«J:yi£?L«$B/&jE! 
GlcNAcMan 5 GlcNAc 2 lti£ % fe^/ST? £ £ . 

4 -gfeS b*i Aspergillus £ailfiiEl33fc© a -l,2-mannosidaseO/MS#:M 
HpGAMHl (Chiba et al., J. Biol. Chem., 273, 26298-26304 

(1998)) «k U , SmaJ-MafiJT*^J©f LT, ^ D - i: f^Ci < a -1,2- 

mannosidase ©ORF, # — 5 * — * — U /£ Ufc. ^(^ClCDffit 

&pYOG4©Smitfl£ffifc3*AUfc. d © ^ X ^ K £ P YOMG4^ ^ U fe. C 

iU, pY0354/£ttT-^K3E&Ufcfc<DfeJBV , >rt:. flg^f, SD-Trp (2% 
^;Vn- X % 0.67 % Yeast Nitrogen Base w/o amino acids (Difco&SD , b V 

7.h7 7>*m<mwk&m&&zfT* jmm^m (20-400 m g /D ) 

30°CT'2B ^iS*b, J&iOE£#fc#fc. ft b fttztelim&ft Z 
TIY19pYOMG4£ L/c. 

d CD a -mannosidase IsSfe? fcGnT-Ijg&^^AS*^ 
5^lt^ttHSl£jimiY19pYOMG4$U^ Ilgf^Ml^IiSW 
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FERM BP-6775fc.LTSIS*K$tt"r V"»«. 

<D%(DX~ it, mum 3 £ ±{: 1 ^ Man 8 GlcNAc2- 

pa^ 0 °p a^mmm) © & & s ^ - gt u /c (no, a) . a -1,2- 

mannosidase«fe^£GnT-I«fc^ £^frTIYl9pYOMG4 "Cft*, ^ (' 5 O (7) If 
— ?#Sj&fcftfc (Ell 0, B) . Cl*l&.©tf-^©5*>, 4-3 (H10, B ; 
peak a, c, d, e) {±MansGlcNAc2-PA, ManjGlcNAc2-PA, Man7GlcNAc2-PA, 
MangGlcNAc2-PAiWafc?SajffiiE* s — g(b/c 0 .Lnktet: hitDM7yy-7, 
liiiBfli^fcO^S. £ t>fr a-l,2-mannosidase££^£>«*£#A L 
/cfc§-tw(±m^>tl«cA^/cff/c-*lf.-^ (HO, B ; peak b) Wife. 
Z. (D yS—f&m&itLmtmtfeM 5 -efls» U fcSj&MGlcNAcMan 5 GlcNAc 2 *S^ 

mmx^Axtzzuzi o©tr— ?x~$>v (011), z.<o\z— 

fltnV GlcNAcMan 5 GlcNAc 2 -PA*g & © & & S £ — U . l/fe^'^t, 
TIYl9pYOMG4 ifcCD^jg-fS^V^V^W'^Klwli, l^lt'fcS 
GlcNAcMan 5 GlcNAc 2 M©ff §1*^ * *IT V * -5 3 t &m & & o fc. 

mmm 7 3 n mth a -mannosidase immmx-omm. 

a-mannosidase lite, 

k h M M a -mannosidase Iiat&^E^Hi, GenBank^— £ *—7s (IU31520. 
t'ti^ntV^ (Misago et aL, Proc. Natl. Acad. Sci., 92, 11766-11770 
(1995) ) . Clontechtt <D Human Liver Marathon-Ready cDNAfc T" > ^ I' — 
hiat, a-mannosidase UONsMMM*** =3 — Hi" 7 7 -f V -M 
(CGCCGCCGAGCTCTAAAAAAATGAAGTTAAGCCGCC : B3^J## 1 3)fcN 
(ATCCCACCACTTTGAAAGGT : BB7!I## 1 4)^l>t, ^^n-HfS^ 
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ft £r -7 7 >T t — O (GAAGACTCACGGAGGAAGTT : 12 ?IJ # # 1 5 ) h P 
(ATGGCGGTATATGTGCTCGA : IS?iJ#-^ 1 6 )Srfl! C3c«&(lW£Sr =« - 
Ki" 6 £ -f (CGCAGTTTGGGATACAGCAA : ffi#l#-*§- 1 7 ) £ 7 s 

7 -"f — R (ATTATTATTAGCGGCCGCCCCTCAACTGGATTCG : BS 1 
8)£r/BV^, ^rtb-enPCR-CtHBUfeo.- # ^^fcDNASff it SfpCRScriptOSrfl 

-t-SjEb^BB^JfcftS i 5 fcbfc„ ^(7}7°7 7 5: K£pCRMAN2£ift£ bfc 0 
BWO^ ^^^KofSSflliaS.©^:*, a -mannosidase IHtfe^f-^S'^iB^ 

HAtag2r3lE]Km-5 £ 5^^*5l^^f^U bfc„ 

bs^ijs (ga^j#-^i9) **DNA«rfc^iftu ^mffi 

7*77 5 K (D pYEX-BX<DBamHI t EcoRlUiti. <D ffl f d ffiA b it a r^7°7*5 K 
p YEX-BX- 3HA t ife & b 0 I- pCRMAN2 /5> b BamHI £ EcaRI X a - 

mannosidase II £ = — Ki~ 5 SB 12J 9 tH U pYEX-BX-3HA<DSacI£;&QiIgfl 

{icDfWtdff Abfc, rw/^^^ K3rpYEMAN2-HA£i%£ bfc 0 

^^^■ax^^m*^:I«]±^-li:5fcat), a -mannosidase IKDmWMmt&% =* 

— Kt59^^li©a -1,6-mannosyltransferase £ =i — K -+ § it =f- 

(ocHi) (D^ii^w^-hambfco sb^it (sa^j#-^-2 0) a> 

* 5 ZialcflaDNASr -fk^fife b „ pBluescriptc^SacI £ EcaRI*B&IUJ Jdjf A b tc B 
~<Dy>y** K£rpBOCHl,hift£ bfco — £\ P YMAN2-HA&7 ^7° h £ 
bT\ a -mannosidase II^ftfejK®^*- =» — Ki"5lB#© — g&£7°7 -f ^ — U 
(TTAGACTACCCATGGAACCCGCGCCGCGAGGGCTCCTTC : @E?«-S§- 2 1 ) 
b7°"74 -^—V (CAGGAGAACTTTGGTTCGAAAAAGCTTTGACTTCTT : Sa^'i 
##2 2)SrJ!§VN-Cifffibfc„ r<DgE?tf£?£^^ Ncel £ ffindlll T*^]0fb, 
pBOCHlONcoIirHindlll^lS^ifAbfCo ftlcr©^7^5 Ka>e>SacI£ 
-Zj&lX-mK^mV fctlU pYEMAN2-HAcDSacI^EstIffli:S^b7 t c 0 :©^7^ 
^ KtrpYEOM2-HA£i%£ bfc e 

1I3e£ UTS, cei£Yiaia£ g^M^g:YPH500^^V\ ?gmE%ttfH&y 
Ss&JnV^TfrftofCc = > bn-/v£ LT pYEX-BX-3HASrJBl^fco T&inElfc 
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flL SD-Ura (2%^A-3— 0.67 % Yeast Nitrogen Base w/o amino acids 

(Difco*t») > y5-»v*&<mwt}&m&£tfT*;mm'&® (20-400 mg/D) 

^K^^$n/c#«(i30 o CT'OD660=0.8^-eSD-Urai^^-r*^«^, fift&ff!& 

^f7^t'-Xt:i UflllllB&flftftU ^<9$Mlift^£ffl^T^«#>:/D<y h 
j5?#T*fr&-pfc.' ^x^V^Dy M»3&f(±-»ln:^i: hlaHAMffc*. 
-frififct VXtK^y MgGtafr^^^^^— tfeifcteSuper 

Signal Ultra«:a£«t LTX*Sl7-f ^A(w»5ti-S3 fc-efr^cofe. -t0lgjft, 

&l/fc*fflJ&ftttJift-l:&, ^*IQl40000©ffiBtc$/^^-;v*s«iffi$n/c (mi 
2) . 

-mannosidase II©»3&igft feSUE U fc. ^S^^^0 (^(IV) tI«iS £ ^"t ) 
lOOpmolfc-iT-VTVl^n — ^«-e|g^^i±fe^, a-yC0.2 M MnClj. 1 

M GlcNACs 1 M gfc&^b U ^AlffijR (pH 5.6) %2 At 1 i*"^. H 2 0£8 At 1 

fc. &&HPLC##r£>^fM£, MMM 5 Uto/c. a -mannosidase 

4 o^ofc'-^lBkaMwJij&nUTv^c (n 1 3, b) . :o4 07>©f-^(i, 

PA-liiIMma a a (SM5g PA-Sugar Chain 022) (Dmmmit®frb& htl/cTU 
5$ (V)t'^$n.6-*H^iSi ( Oguri et al., J. Biol. Chem., 272, 22721- 
22727 (1997)) £E>^SiS&g £ — l/Tl>£: d a -mannosidase IKOi&tt 

Manal N 

®Manp1- 4GlcNAc{31- 4GlcNAc (V) 

GlcNAcpi-2Mana1 ' 
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t hGnT-II(DS#-a:T*<D3§5Lte^ffl £oT^£tv-CV^ (Yoshida S. et 
al., Abstracts of the meeting on Yeast Cell Biology, p. 279, Cold Spring 
Harbor Laboratory (1997)) 0 w <D$£^Lm^9 9 — pSY114-GnT-II<fc Y) zfv ^e — 
9 — £^irGnT-IIfcfe^&#£XhflI"eS]!> fcU pBluescript SK<DXhal£B&l- 
JfALfco r (D^ 6 ^^ ? K£pBlueGT2£ift£ L-fc 0 6 "C^ Ufc^ 0 ^ 

^ 5 KpYOG4£ 0 * — &^tfGnT-Htfc^#&BamHI, Khal^ K> 

ffiU, P BlueGT2cDEamHI > XhalSMfct-ifA bfc 0 :o/^^ K^bBssHII 
T? g l$$r;t&^0 19 ffi L-fc^, DNA T4 polymerase X 5fc & ^P^b L-fc^ , 
ADE2.^"^ — ^ — <t U-C^r-T^pASZlO^^^ 5: K (Stotz& Linder, Gene, 95, 
91-98 (1990)) (D&m&imtL^mK^WX^tL* C ©7°7 * 5 K£pASZGN12£ 
^bfco P ASZGN12%HliaI-eil:m^^U, HJ6#I 1 X'WU Lfe*i»*tt = 
S^M^TIY19^cD^^m^^^y ^^A^-CtT^o/to ^f^i> 0.3 M 
KCl^-a tfSD-Ade (2%^/l"=i — 0.67 % Yeast Nitrogen Base w/o amino 
acids (Difco*±$SD , Tr = V^l < itfiifc j; tfT ^ / (20-400 
mg/L) igm(D-7u- MCI^-C, 30°C-C'2B^^«b, ^SC3Em#£#fc 0 
ft^^^ck 19 ?J 3>DNA£f«U PCR&fc «t 19 GnT-I*3 X XfGnT-imfc* & 
ADE2m&<VPk&mzm. : &'ktlXV^Z. b%mmV, YCY22^£bfc 0 YCY22 

W(DMjfemftm&m^x^fr^ti(Dmmm&*wmL. GnT-i^^GnT-ii^ 

— 3u fc f 0 -1,4-GalT^^-Sr-ecD^m^s filxEoB-ffl b fc J: o T^^^ ilt 
V^<5> ( (Yoshida S. etal., Abstracts of the meeting on Yeast Cell Biology, p. 
279, Cold Spring Harbor Laboratory (1997)) e <D^^m^<9 9 — pGalTlSC «fc 
V) zfv^—9 — &<&tt P -l,4-GalT5tte^®#£SaU,XhiiI^#J 9 fcU P RS403 
CDSalI,XhfiI§l5fi^^ALfc 0 n (D^y x 5 K£pRSGALl£ Ufc c * t 
h UDP-Gal Transporter(Ugt2p) O gt # 1; <D 3§ ^ M ^ £ o T ^ £ T V > 
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£ (Kainuma et al, Glycobiology, 9, 133-141 (1999) ) „ C <D ft 

( UGT2 ) (DmW.m^v ^ 5 KYEp352-GAP-UGT2 <fc K) , ^e — c?— tr^tf 
5t^^^^^EamHIT*W9 ffib. pRSGALl<DBamHm&i;:3f A bfc Q -<^^° 
^ * 5: KSrpRSGATPl t pRSGATPl^Ndal^ifi^^^ YCY22 

mommfcWk&mmv ^-^^rnxn^t^ mnmm&s 0.3 m kci^cpsd- 

His (2%^A'= IW -^ 0.67 % Yeast Nitrogen Base w/o amino acids (Difco^t 

m) , t*^i/i/*fe<mkm.m%!>&T$T /mm-kvo (20-400 mg/D ^m<o 

ZfXs— Md-j^T. 30<CT-2BW*g^U, ^l£i!tegMfc&#*: 0 ^K^mfr<t 
/*DNA&W®SU PCR*£Kl<fc9 0 -1,4-GalTiB J; uqiGI2*&^#HISa«l#© 
^&#l;:*.a&;i:ft-CV^::£ £?ftf£L. YCY42*fc£ b/c c YCY42fcfcO*B/&»ttJ 
^^ffiV^T^t^^tL^^mStt^ay^b. jS-l,4-GalT*3 ^^Ugt2 P 0^m^lS 

JfcKl, t Mffli a -mannosidase II <£> ^ 9Lffl ^< * * — pYEOM2-HA £ K> , 
Sa£l,SpliI-CHA-tag^^tf5l>e^»f>T-^§3 t> ffl DNA T4 polymerase "Cr^ 
Sr^fcbfCo rco8ff / H-trpAUR1230Smam&^4fALfc 0 ^a^E— ^ — l£iE 
UV^fRlT'O^^tLTV^ ^ b%:mM&. 7°v*r — ?~- Sr^tf a -mannosidase 
Iia^^^l^?r"EaiiiHI-e^O 9 fcti P RS406£>BaiaHIgfl4£K:jf A Ufc 0 r <^^° 
7*5: K%Nd£l-Ci£SM£&c:U iiufEYCY42l*tf5^SCtegl£@m V V a?£t-*t 
^ofc 0 ^Kte^, 0.3M KClSr^tpSD-Ura (2%^n— 0.67 % Yeast 
Nitrogen Base w/o amino acids (Difco^h^) , ft 7 S'/l'SrKK «t Tt 

T^/mfe&yo (20-400 mg/D mm<D^ u*- h ^x, 30^-^2 a mtgm U 

;&siIEA3iI^<£mfe#l-M&3:;ftT^3 i £ YCY52^ t bfc 0 

YCY52^^lilSttm^^ffiVNT^^?E&t£^Sy^U, a -mannosidase II©^§I£ 

HJ&^il 4 T*^ b/c a -1,2-mannosidasetf^^ffl^ 9 — pGAMHl 0; t) Masl£ 
SmaIT% ^o.^e— ^«S"g-tf a-l^-mannosidaseae^Wf^-Sr^D t> ffib. 
pY0325^*— ©SmaIgM£fc#ALfc 0 r©^7^5 Ks£pYOM5£ifr£ Lfc 0 
£ £ ^S^fl^left 5 <£>{£;&g#UDP-GlcNAc Transporter*^ 
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©aSA&fTfcofco t hUDP-GlcNAc Transporterfefc^- <Dm&X*<DftWttm 
£>fc£oTfg^£ftTV^ (Ishida et al., J. Biochem., 1261, 68-77 (1999)) „ 

zcoftm.m^?? — %T^zfu<- b \z v x\ /7 ^ v - w 

(AGAGCGGCCGCAAAATGTTCGCCAACCTAA : 2 3)t^7^^—X 

(TTTTGTCGACTAGACGCGTGAAGCATGCCC : IB?iJ#-§-2 4)T*PCRife(C £ 
9 UDP-GlcNAc Transporter»<£^i?gii&£itiiI Lfc. - OBH?iJ£fill&*£> Motfi 
Sail T-i2JtKrU pG3-N^iM^SaU$Pft^^S^b^o J^CO^ ^ K*» 
feNa£li:SmaI"C% ^n^E — 3g^£<a tfUDP-GlcNAc Transporterif^^f- Bff 
^•^DffiU, pYOM5<7>£maIg&{£f-#AL7c 0 :©^7^ 5 K£rpYOMR5£ 

XfttZotCo 0.3 M KCl^r'atf SD-Leu (2%^n-7, 0.67 % 

YeastNitrogen Base w/o amino acids (DifcotL®*) „ a -< < ^M^S*5 

iU?7^yt^ (20-400 mg/L) i^ifeO^U— M-*V^"C\ 80*C-C2B'M# 
*U J&nmmft&'&lto ro?!?«3£&#&YCY73}*£ L7c 0 YCY73#c<D5iM 
t*ffl^£/BV^T»*?&tt«:ayj£L. a -1,2-mannosidase i: UDP-GlcNAc 
Transporter<D3§5L£rtffefS U7c e 

3; 7c. mMa^hUGTrel2^^ Ur-*>s ytSfcfeOT'y^ 5 KSrflMtt 

L7c 0 PGAMH^rSma 1% Nae IT*i23$r LTGAP/n * — ^msdSE^JM "9 
£B.L, pRS404tf>Exu Il£M£K:# AL7c c .^©^7X5 K£rmsdS-pRS404£ 
Lfco hUGTrel2^GAP7°n^ — ^— (75 Tift A £ frT 5 * 5 K, 
hUGTrel2-pG3^Sma U NaaJ-C§J0f LTGAP/n * — * ■— i: hUGTrel2gE?iJ 3: 
§J.«JttiU* msdS-pRS404 (7) P_st_I iflH4 l£ 2? A L 7c 0 :©^7^^ K£HM- 
pRS404£ift£ L7c 0 HM-pRS404(DTRElF fc 3CDEatX IT^^fb, YCY42$c£gm 
y Afe.SrfflVN-C^KIEifebfco ^Sr$£&#£5ml©YPAD+0.3M KC1T-, 
30t:T*2 B fflit* U PCR&ic «t £ , msd&i hUGTrel2 # TRPI O & ft tc m ^ 

&%.tix^zz.t%&mLtco ^ftmm^mm^m^xmmm^m^:^^ wt* 

© a-l^-maiinosidase&tFUDP-GlcNAc h 7 y7#-^-©*aSriBlfc. 
YCY42^icmsdS<bhUGTrel2^-r ^^i/l/-v-3 V Lfc^^TIY63^^ L7c e 
$ 5>.^, t Mff & a -mannosidase IKDm^m^t # — pYEOM2-HA J; t) „ 
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Sacl> SphJ-eHA-tagSr^tfate^WfitSr^J >? W U DNA T4 polymerase "CsfeiS 

L V "Co # jft, T I * 3 £ £ &■ fflfeBlfe v — ^ — ^r^tfa -mannosidase 

Ilite^^^^EamHIT*^! B ffi U pRS406©BamHm&fc:JfA Lfc 0 r©/ 

7c 0 J&%&tMk. 0.3 M KCl£r<a t*SD-Ura (2% ?>V^ — 0.67 % Yeast 
Nitrogen Base w/o amino acids (DifcottM) , ? 7 vv^£|&< ^@?^S*5 £tF 
(20-400 mg/L) ^^(D~f Y\Z.%\^X ^ 30 o C"e2 0 

^IIEAa^^^^^.^^-*a5i*i^-rv^S ^ t ^r?S^b, MSY3tfc£bfc 0 MSY3 
^^Mttffl^^fflV^T^^^te^r^J^ U. a -mannosidase IKD&m&mWl, 

/do 

£1\ 8 -T?^Ufc7°7^ ^ KpASZGNl2SrHpaIT*B:^^lcU, HiS 

-CfT^ofCo nm$kW&. 0.3 M KCl^tfSD-Ade (2%^3-7, 0.67 % 
Yeast Nitrogen Base w/o amino acids (DifcottIK) s 7x = ^St^&IE 
*5<fctfT5 /^2g<§^ (20-400 mg/L) ^m<D^U— M-SV^T. 3O°C-C20l!8 
i#^b, ^SOS&ft^tfco MWmmfcX V ?J ADNASrffSSlL. PCR&lcJ; 
9 GnT-I*3 J:t) ? GnT-IIJt^^^ADE2^^0^fe#:^c:m^*tL-CV^S r. £ 
U YCY122*fc£ Ufcio YCY122^(D^a^^fitb^§rfflV^T•^i^^tt©^^^S^4^: 
$J5gU GnT-I*5 < tt^GnT-Iiro^m^ : Sl^.Ufc e 

ifcKl, ^M8t^lLfc^7^$ KpRSGATPl^NjialT-Ii:^^^ 
YCY122^(Dff^^^r^y ^AfeT-ff&ofCo 0.3 M KC1£* 

-^tfSD-His (2%i//l^=i — 0.67 % Yeast Nitrogen Base w/o amino acids 
(Difco|±0) , b: X^v ? >'^|^< ^^^Sio it>*r ? /g£M^ (20-400 
mg/L) Hc^X, 30 o CT*2BP0^#L/l?feffc&#£#fc o 
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^&BI£3Mm<D%£&fc\zm.&*tlT\'^Z> r- £ & «MB U YCY142#c£ 

«fc OTgt2p O^^^r fltB L fc 0 

£ hiC 8 Lfc:/^ * 5 KpYOMR5£ffll^-tYCY1428;<E>?g|C<tegl 

S:fti*y^?ASfe-CfT&ofco J&nfc&&. 0.3 M KCl^tfSD-Leu (2%^ 
= — X N 0.67 % Yeast Nitrogen Base w/o amino acids (Difco$fc§g) . D^v^y 
Srl^K^i&S^J^T ^ Smm&® (20-400 mg/L) ^©/^ Hd^V^T. 

YCY163*fc CDlBJJ&ttttJ^Srffi V N T^^?S"l4SrSl5£ U N a -1,2-mannosidase t 
UDP-GlcNAc Transporter <D 3%^*: L- 0 

r. OYCYl63#:K:o^-C, »«©#BIS*Jio^^^^^>^^SI©*t<fifll3t© 

-</n-T ^^y— ^SO&fflO^ii&V^ £tf5*n£>*V-CV5o ^r^T% Texas-red^ 

B^MftttUfco PBST'gfe^m, 10 mM a -methyl mannoside^-^tf PBS 
U ^#»m«T^«*S£?Tfcofc 0 -tOfe*. YS134-4Att^tt«5*£«t>»II& 
Offi 9 £*T,-C^fc3S, YCY163^^«:JNBlia©^ffilc^e>n^:m3t^^ 

f)^lci'>LtV^rt §*Blfc,' nor ir^f>YCY163t*^^^-f — 

(fgf) <D*kmtmmmm<o&m 

FGF6-l=3r^ ^at-Bf (secFGF (N35)) tt^I^Iifi^I^^fflftf 
ft «fc >9#^#IIVvfc (Yoneda et al., BioTechniques, 27, 576-590 (1999)) 0 
SecFGF(N35)/pBS££mii I* Naa IT*i23®r LTFGF&ijU t> ffiU pGEM2-a 360 
HilldIII$iH&tC*f ALfco w<B!/9;*5 K£pFGFa23£#£ Lfc„ pFGF a 23 
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StEcqR IX'WWrV, prepro a -factor £FGFft#£r#J t) ffl t v pUCH97°^^ $ K 
OEfifiR ItB&J-^A L7b 0 :®^7^ 5 K£FGF-pUC119£ Lfc 0 a- 
factor <D EAEA SB W £ B£ < * , 7° 7 ^ v - Y 
( CGCCAGGGTTTTCCCAGTCACGAC : IB?'J#-§- 2 5 ) h. ~7 "7 4 — Z 
(ATGGGCCGGCTCTTTTATCCAAAGATAC : gB?']#-^- 2 6) £r/8^TPCR-C 
iSiiiUfCc r<DDNA»f>T-^pUC180E£QR I^C^ii^, pAF027°7^^ K 
^YfMVtCo pFGFOl^rNae. U Sma I.t?9I» UTFGFSr^J 9 fcti U, P AF02tf> 
Maa Sma HBtfcl-JfALfco ^<DZf7* 5 K$rpAF03£:#£ Ufc„ PAF03& 
EcoR I-C^J if Lt prepro a -factor £ FGF^&12J *9 fcij U YEp352GAP7 P 7 * ^ 
Kc^GAPT 6 ^ ^E-— ^ — OT^l-m^iiA/fc:^^ * 5: KpAFF2£f£»l L7t 0 
pAFF2S:Aal II. Una ITMJDBfU. 2 M mfHigcSrgj «3 ffl U S^yf^^i' 
a^ffiT 0 ^*?: KpAFF3£r$f^U7c 0 JfclJl. pAFF3£AcaL I, Ac&J-CiSOBrLT 
GAP:/** — *~-£FGF©BB?!l&13Q»5 tUU LEII2.^— # — ^rfco:/^* 5 K 
pY0325(DEm n»-lfticjf AUfc. $.e>^^^^$.K©2/im««SrfiBft It?§JWf 
ItlV^fc. rOT^^ K£pAFF9<hi%£ b7t 0 pAFF9rt l-fe SEfifiR Vtf«I 
»r LTiUgMbU, Sfc© (TIY19#^ YCY42**) Srgm y ^ 17 Afe^rffi ^"Ct^SC 
3£&L7t 0 J&W*fc&&. SD-Leu (2% ^/Urt — * % 0.67 % Yeast Nitrogen 
Base w/o amino acids (Difco*±g[) % n ^ ^ £ B£ < ^^^S*5 «fc t5T 5 7 R% 
-^#J (20-400 mg/L)) ^^fcCD^V— MC*V>T. 30°C"C2 0 M*tl ^fl^tl 

■tne>©^Stieife<*:Sr5mlOYPAD+0.3M KC1T% 30°CT»3 0 U ig* 

X., 4tt- mmt 5 UTFGFSr^/^y yt7 7 p— .xfc:»R#£*fco 
jfcfrfc-C'V* !> ^-tr^r n — ^SrEiJfc Ux SDSt ^ ^;W< ^ 7 7 - tf 
JLff SDS-PAGE gfc L fco ^tFGFfctffc&ffl V^T * ^"f n j/f-f ^£ 

?TV N > FGF^^^ttV^ w fc-flfcSRLfco $S>fc:, PCRSfctC «fc»K FGF^ 
mi2^^£#m^&£nTV^;i t SrfljMBU TIY19£M£FGF£^ ^x^f 
— i/3 ^U*itS!cSrTIY48«c v YCY428eti:FGF§:-< Vt^U— >a ^LfctfcS: 
TIY49^i: Lfc 0 
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u—i/B^-tZtcibcDzf?*^ K&tfsJgLfco msdS^GAP^n^-^ — ©TS 
lef? A & ft TV 7* 5 KpGAMHSrEcoR rCSMrU 2 /*m^i££rj&v^>' p 
K&fl^RUfc. :©^7^ 5 K£pImsdS£lft£ Lfc 0 plmsdSOXEElrt 
<£> Xha I "C §J ®f U . TIY48 ( A mnnl::hisG A mnn4::hisG A ochl::hisG 
FGF::LEU2 ) „ TIY49 ( A mnnl::hisG A mnn4::hisG A ochl::hisG 
FGFr:T,FTT2 adf^rrfGnT-T & GpT-II] his3:;r B -1.4-GalT &UGT21 ) 

t7 j*m&m^xj&wfc&vfro '&btLtcftmfeWk&$:5 micDYPAD+0.3 m kci 

*fcs msdS.£hUGTrel2&-f f^v— V a tUtXDzf? X $ Y&¥tU 

bfco PGAMHSrSmal. Naa ITijO^r LTGAP7"o ^— * — kma&^M&ty *) 
ffib, pRS404<7>EYU II«PffiK#AUVt 0 ^^^7^5 K£msdS-pRS404£ift:£ 
Ufco hUGTrel2^GAP^D^*- ©TSStJUf A £ ftT :7°7 * 5 K> 
hUGTrel2-pG3£rSma I, NafiJ-Ciatt&r UTGAP/n*-^ — £ hUGTrel2gE?'J £ 
§)5HJl, msdS-pRS404 <D Es±_I Si&tjf ALt, ^©7*7^ n K£rHM- 
pRS404t Ufc 0 HM-pRS404OlRP_Lrt©BsiX IT'12J$r TIY48|fc, 
TIY49#:£im y ^ !7 A&SrffiV^^SHE* U „ IS & # £ 5ml O 

YPAD+0.3M KC1T% 30T;T3 0 IH&ft U> i^iifll^SO j* K©~"< JJ 

yt7rn- *i£&;gf m>L^X^s< V >± 770 — ^ £ 

©iRL. SDSih^T 0 /^^ 77- T3£#&^ JifllfSrSDS-PAGEicffelxfco *a 
FGFinttSr/B^T?^**^* y^r 4 ^ £r ff V \ FGFj&S38^LT^3 r £ 
^m^Lfc e PCRSSfetdJ: U\ msdSihUGTrel2^IEEl<D^^-^ 
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(D a -1,2-mannosidaseSOTDP-GlcNAc h y bfc 0 
TIY48^ msd£ t hUGTrel2 ZJ^Tfls— 3 ^ Vit&& TIY59*fc s TIY49#c 
{CmsdSt hUGTrel2?r^ 1/7" ■if l — V a >- LfctfcSrTIYeO^ <t Lfc c 

*«t<OW3K©fcJe>. FGF£LEH20>^£#Jbfc:-<l' i^^-S'a ^U7tTIY48 
<rfcTIY53t*£:tefl3bT, 3 L<Di##^P>FGF£«£g Lfc„ 3 LOTPAD+0.3 M 
KC1T30^C, 3 0W«f*ft, 3S^UTjNBJiaSrl»V>^ai«E^2 ml0^yyt7 
7- n— *-§r#Q;fc % 4 < C-C~-8fefit 5 U-CFGF&— /> o y ^ir 7 r o — ^ 
fc„ yt77 ^SrlHHZU. jfr^-MJloft, PBS+0.01% CHAPS, 

PBS+2.5 M NaCl+0.01% CHAPSSr^i^i UT, Jh#tC £ t) FGFSr^' 

»3KU/tFGF^l50/igSr5fi**B*7^l::dMt5 r ^ 19 % BiStfc. 
tt: /z RPC C2/C18 PC3.2/3# (77 ^T#M) Sr^fll LO.1% b V 
f]? - 60% Tir h = MJ fr%f&%kb LT, 

■C2ml<Dt K7^y^iPt, 110°CT-60^P^^mU7Co M*Tf»«Pb, 
N-T-fe^/MfcSrfrofco 250 /z 1C00.2M@^^T V^e — 17 A £ 25 n I©fcS2Kgfcife«: 

an;t«fc<jx#u 3o^fs^ja-e^ceufco Skm. 250 //i<D0.2MS^7y*- 

!7A£25 Ml<£*S7kS!^&*P;t£<J£#U 30 #fWM/e»«Lfc, 

'JtMSAfriiffitfcjatiK 20 /ii©*5'7 p yy^ll (300 mg<D2-r 5 / t° y 
v^srioo n\<Dmm\z.mm\.it) «t;ijp*. v *#u 9ot. 60^-p H ^aufc o * 

Of, 20 /z lwaiTct** (10 mg©^7^ • ^-£#£50 iH<&ft 

gfcfcigtfUfc) «#frU 80t\ 60#lffl8 f 3SUfco SfSt, 20 fxl<Dh 

Sr^nx.J:<it^L-C, 60^, 10#ffi, ft**UftT*«i«£1B L£: 0 *r<E>^. SJfc 
20 /il©^ ? Ssi'&Mz-£<mWVtzL'&^ 40 /zio h/i^v^P^JX 
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nHOh^^trin^ 60°C, 10#IBK 2*&iffiT«fc*f«;BLrt:. RJS 
« % HW-407Vv«i§#7A&a&*TV\ *R*©2-T5/ lfy5?^Sr|j6*Ufc. 

7^/^/7 -£> Hr ^ V ^ HPLC «t 9 $S#K*itfi?#f £?To fc e # 7 AS 
Asahipak NH2P-50 (4.6 mm X 250 mm) U ^^(*, 200 mM^t- h 

y j.^T $ VJKWSi (pH 7.3) kT± h~hV Ask<D7 : 3<DWi&m (ASO > 

200 mMgm- h y 5 >mmm (ph 7.3) t f~ h y /V£ <D2 : 8<£ 

m^e>^BcD#J^§r50^^MtX100%^-C*ii:^^{c:_b#^^:, t©t, mi&B 

13 1 4 Ui^Lfco TlY48*3fctf> fct, »J2ompf, iino©f 

— ^ -C'fe t> (114, _h©) , Man8GlcNAc2-PAfif B C3 n (StBSf*!) ©^ttiffiS 
ffcLfc, — a -1,2-mannosidase a^-^^#tfTIY53^r*{4 x ^SClo 
tf> fcf' — # ifi%&>i\,1t. (014, T%k) o r. <D t: e - ^ «Man5GlcNAc2-PA«p B a £ 

•5 FGFlix «(9cl00%jS^S • «^S©ll&»#^fc3Man5GlcNAc2S*g(£:W 

* bK. t hJJflia-mannosidase lKD^^M^-^ $ ^-pYEOM2-HA«fc <9 , 
SacI, SpiI-eHA-tag^r^tfiie^Sff>T-^^] <9 H1U DNA T4 polymerase 
^mtVtio w<D^#£rpAUR123<DSimtf^&l-*f AU, T'n*— ^ — JzijE 
LV^fpJ-eo^^ttTV^Sn £ Sr?JjM»£K ^ — |> a -mannosidase 

Iiae^^^SrEamHIT^O t) WU, pRS406CDBam.Hl£lH£lcff A Ufc c 

/Co 0.3 M KCl^-a-tfSD-Ura (2% ^3-^, 0.67 % Yeast 

Nitrogen Base w/o amino acids (Difco*±®D . ? 7 S'Vl'SrfjK &&%.M$o «fct* 
T 5 7 WS&m (20-400 mg/L) ^ft&(D7°l/- h Kl* l^T , 30°C"C2 0 ffligS! I, 
ftmm&ft%mc 0 ft^i^'MDNA^ilt, PCRfck:«fc»3 5i£tfP 
^IIRAa^^fe^tcm^^TVNSr^^^b, MSYl^irLTto MSY1 
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W<Dmmi&tti&&%1<^xmm?£& : £8l7£h, a -mannosidase II©«^SrfltBU 

j—^m., ^^zfv v h*m, m^mm<om%mmmm. &%\<^zm 
$immmm*^-rz * ^^fw^^m^m-tzz t &xz% 0 
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SB 



# co m. a 



^*S*ttf^S^^o^i^#f i T«5^ (I): 

Manal -2Mana1 V g 

jjManal N 

Manal ' !*Manp1- 4GlcNAc|51- 4GlcNAc (I) 

Mana1-2Mana1-2Mana1 x 

SrflmUfcaclil^ ( Aochl ) N MNNl it>g^-£3feig tfe mnnl ^^ ( Amnn 
1) , MNN45tfe^^^bfcmaa4^^ (Amnn4) ©^Iff < £ 

i i^±©^*itttwe^o- t&ftmt u tie^ a): 

Mana1-2Mana1 v 

6 

3Mana1 N 

Manal ' ?Man|31- 4GlcNAcpi- 4GIcNAc (j) 

Manal -2Mana1 -2Mana1 



3. KM&tt&A&ft*** uracil, hisS^H, l£u2^H, ads&2^, tmi 
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4. f-vi?P-:t^ ( S a p.nharomvces) M^Mi-6^g:T-fe^), ft 3 K 12 

5. U-y # n 5 ±x • ir ( fiflr.c.haromvces cerevisiae ) {^JS^S^ 

6. ty^o^tx-tv k°i/x fSar-charomyces cerevisiae) TIY19 WX* 

<W£TiS5£ (I): 
* 

Mana1-2Mana1 x 

o 

3Mana1 N 

Manal ' ^ManJ51- 4GlcNAcp1- 4GlcNAc (j) 

Manal -2Mana1-2Mana1 ' 

8 . tt#qt 1-6 OV^ fr^ 1 ^K:fS«^S|^J|^£^:lfci£:i£* U 

^TlEst (I): 

Mana1-2Mana1 v g 

gManal N 

Manal ' j^/lanpi- 4GlcNAc|51- 4GlcNAc (i) 



Mana1-2Mana1-2Mana1 ' 



48 



WO 01/14522 



PCT/JPOO/05474 



. ■* 

Mana1-2Mana1 x 

6 

3Mana1 N 

Manal ' jjvianpl- 4GlcNAcp1- 4GlcNAc q) 

Mana1-2Mana1-2Mana1 ' 

1 1 . ttsfcJJC 1 ~ 6 (D^-fM* 1 ^fE^gN^m**^ i#?LfSSl*l*©& 

49 



WO 01/14522 



PCT/JPOO/05474 



i 3. m&^io&itteiMzmmnmm&Mtt&mmzmmv, mmmwz.* 
v =?mm. *Txs<9 2r >-m&mmm t l x w-r s w< ? sc & £ it, 

^^ic^^-re r t zmmt-rz. m? mourn 

1 5. ozhl^m. mniLLMM, mim^MM. algSmmcom^J&Kb > 4>&< £ 
t 5 11^ lro^«5*ttf IJ^f I i: i^#f i t , (II): 

Manal N 

jjwanpf- 4GlcNAcpi- 4GlcNAc 

Manal -2Mana1-2Mana1 ' 

^^r^^UfcQcUl^^ ( Aochl ) , MNNi aH5^P-£rflfe^ bfc mnnl ^M ( Amn 
nl) , MNNlilfe^^^SUfcmjiM^^ (Amnn4) , ALG3 3Hs^ £5&ig b 
tcalgmm ( Aalg3 ) ©^fi, />^< l^^JiO^^^tt^^^ 
^oliltfiU TfSiS (II): 
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Manal -2Mana1-2Mana1 ' 

Mantel GlcNActtN-T-fe^/^^/W^ f- 5 >-tr^i~o ) 

1 7 . m*K*4«J^Sf 2 s iiia2^JI, taaa^H, leu2£A, ads2&£. tail 

18. t^*n?t^ ( Saccharomyces) S KUK'-f- 5 ESgT? fe 5 > ft^3g!7 t£ 

19. 1?- $/ n 5 ir * • -k u ( Sancharomyces cerevisiae) {vlJl"t~<5 

2 0. -tf-y * ci * -fe;* • -fc Wtfi/oc ( Sannharnmvr.es r.ftrevisiae) YS134-4A 

Ift^RlTEsS (II): 

Manal N 
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Mand1-2Mana1-2Mana1 ' 

Sr^*a$*. ^^Jt«:«*U iilfci^^^f 
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SEQUENCE LISTING 

<110> KIRIN BEER KABUSHIKI KAISHA 

Secretary of Agency of Industrial Science and Technology 

<120> Novel yeast mutant strain and method for preparing glycoprotein 
with mammalian-typed sugar chains 

<130> PH-1034-PCT 

<160> 26 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 1 

GGATCCGAAG AAAACCTAAT ACATTGAAGT 30 

<210> 2 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 2 

GCATGCCCTT TGGTTTAATA TAAATCTCCG GAGTGC 36 

<210> 3 

<211> 36 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence .-synthetic DNA 
<400> 3 

GCATGCTACA TAACTCCAAT CAGCAGCAAA TATGTC 36 

<210> 4 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 4 

GCGGCCGCGT GTTCTGTTCG GGTAACGTTT AAACCAAT 38 
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<210> 5 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 5 

AGATGCATAC TAGTGGGCCC ATTGTGATTG GAAT 34 

<210> 6 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 6 

CCCCCGAATT CGTGTGAAGG AATAGTGACG 30 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 30 

<223> Description of Artificial Sequence synthetic DNA 
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<400> 7 

CCCCCGAATT CAAGTCGGAG AACCTGACTG 30 

<210> 8 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 8 

ATGGGCCCAC TAGTATGCAT CTCGCGTGGC ATGG 34 

<210> 9 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 9 

GCGGCCGCGA GACCTGAATC TTCGACACGC AAGAAAAA 38 

<210> 10 
<211> 36 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 10 

GAATTCGCTT TCGAACAAAA TCAAAAGGGG CATAAC 36 

<210> 11 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 11 

GAATTCCTAT CCACCAAACT CACAAGCAAG CA 32 

<210> 12 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 12 

GCGGCCGCCG AGAGGGTGAA CGGTGCTAAC TCAGGATT 38 
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<210> 13 

<211> 36 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: synthetic DNA 

<400> 13 

CGCCGCCGAG CTCTAAAAAA ATGAAGTTAA GCCGCC 36 

<210> 14 

<211> 20 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 14 

ATCCCACCAC TTTGAAAGGT 20 

<210> 15 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: synthetic DNA 
<400> 15 

GAAGACTCAC GGAGGAAGTT 20 

<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 16 

ATGGCGGTAT ATGTGCTCGA 20 

<210> 17 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 17 

CGCAGTTTGG GATACAGCAA 20 

<210> 18 
<211> 34 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400>18 

ATTATTATTA GCGGCCGCCC CTCAACTGGA TTCG 34 

<210> 19 
<211> 162 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 19 

GGATCCGAGC TCCACCGCGG TGGGGGCCGC ATGTTTTACC CATACGATGT TCCTGACTAT 60 
GCGGGCTATC CCTATGACGT CCCGGACTAT GCAGGATATC CATATGACGT TCCAGATTAC 120 
GCAGCTACTA GTGGGCATGC TTCACGCGTC TAGTGAGAAT TC 162 

<210> 20 

<211> 176 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 

8/11 



WO 01/14522 



PCT/JPOO/05474 



<400> 20 

GAGCTCAAAA AGAAAGCAAG TAAAAGAAAG AAGAGATCAT GTCTAGGAAG TTGTCCCACC 60 

TGATCGCTAC AAGGAAATCA AAAACAATAG TCGTAACCGT ACTTCTTATT TATTCTTTGT 120 

TGACATTTCA CTTGTCAAAC AAAAGGCTGC TTTCTCAGTT TTACCCATGG GAATTC 176 

<210> 21 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence .-synthetic DNA 
<400> 21 

TTAGACTACC CATGGAACCC GCGCCGCGAG GGCTCCTTC 39 

<210> 22 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 22 

CAGGAGAACT TTGGTTCGAA AAAGCTTTGA CTTCTT 36 
<210> 23 
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<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 

<400> 23 

AGAGCGGCCG CAAAATGTTC GCCAACCTAA 30 

<210> 24 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 

<400> 24 

TTTTGTCGAC TAGACGCGTG AAGCATGCCC 30 

<210> 25 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
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<400> 25 

CGCCAGGGTT TTCCCAGTCA CGAC 

<210> 26 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
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24 



<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 26 

ATGGGCCGGC TCTTTTATCC AAAGATAC 28 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is characterized by having the quality of a variant of och1 variation, mnn1 variation, and mnn4 variation, and at least four 
more quality of an auxotroph variant, and is the following formula (I). : 



or 



Mana1-2Manct1 v g 

gManocl N 

Manal ' ^Manpl- 4GlcNAc(31- 4GIcNAc Q) 

Mana1-2Mana1-2Manct1 y 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) * A phosphorylation possible part is shown. 
The yeast variant which has the glycoprotein productivity which comes out and contains the oligosaccharide chain with which it is 
expressed as an asparagine joint mold sugar chain. 

[Claim 2] It is characterized by having the quality of a variant of och1 variation (deltaochl) which destroyed OCH1 gene, mnn1 variation 
(deltamnnD which destroyed MNN1 gene, and mnn4 variation (deltamnn4) which destroyed MNN4 gene, and at least one or more quality 
of an auxotroph variant, without introducing eventually the gene which carries out the complementation of the auxotroph, and is the 



Mana1-2Mana1 

6 



gManal 



Manal ' ?Man(31- 4GlcNAc(31- 4GlcNAc Q) 

Manal -2Mana1 -2Mana1 

following formula (I). : ¥? 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) * A phosphorylation possible part is shown. 
The yeast variant which has the glycoprotein productivity which comes out and contains the oligosaccharide chain with which it is 
expressed as an asparagine joint mold sugar chain. 

[Claim 3] The yeast variant according to claim 1 or 2 as which the quality of an auxotroph variant is chosen from ura3 variation, his3 
variation, Ieu2 variation, ade2 variation, trp1 variation, and can1 variation. 

[Claim 4] The yeast variant according to claim 3 which is the yeast belonging to a Saccharomyces (Saccharomyces) group. 

[Claim 5] The yeast variant according to claim 4 which is the yeast belonging to Saccharomyces cerevisiae (Saccharomyces cerevisiae). 

[Claim 6] The yeast variant according to claim 5 which is 19 shares of Saccharomyces cerevisiae (Saccharomyces cerevisiae) TIY. 
[Claim 7] A yeast variant given in any 1 term of claims 1-6 is cultivated to a culture medium, and it is the following type in a culture (I). : 

Mana1-2Mana1 Ng 

gManal N 

Manal ' JjUanpl- 4GlcNAcpV 4GIcNAc Q) 

Manal -2Mana1-2Mana1 ' 

* 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) * A phosphorylation possible part is shown. 
The manufacturing method of the oligosaccharide chain which is made to carry out generation are recording of the glycoprotein which 
comes out and contains the oligosaccharide chain with which it is expressed as an asparagine joint mold sugar chain, and is 
characterized by collecting these oligosaccharide chains from this culture from the glycoprotein which extracted and extracted this 
glycoprotein. 

[Claim 8] A yeast variant given in any 1 term of claims 1-6 is cultivated to a culture medium, and it is the following type in a culture (I). : 
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Mana1-2Wlanct1 v g 

gManal N 

Manal ' ^Vianpi- 4GlcNAc(31- 4GlcNAc (i) 

Mana1-2Mana1-2Mana1 y 

■* 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) * A phosphorylation possible part is shown. 
The manufacturing method of a glycoprotein which is made to carry out generation are recording of the glycoprotein which comes out 
and contains the oligosaccharide chain with which it is expressed as an asparagine joint mold sugar chain, and is characterized by 
extracting this glycoprotein from this culture. 

[Claim 9] A yeast variant given in any 1 term of claims 1-6 which carried out the transformation in the recombination plasmid containing 
the gene which carries out the code of the asparagine joint mold glycoprotein of the mammals origin is cultivated to a culture medium, 
and it is the following type in a culture (I). : 

Mana1-2Manoc1 v e 

6 

gMancri N 

Manal ' ^Vlanpl- 4GlcNAcpl- 4G!cNAc (p 

Mana1-2Mana1-2Mana1 ' 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) * A phosphorylation possible part is shown. 
The manufacturing method of a glycoprotein which is made to carry out generation are recording of the glycoprotein which comes out 
and contains the oligosaccharide chain with which it is expressed as an asparagine joint mold sugar chain, and is characterized by 
extracting this glycoprotein from this culture. 

[Claim 10] The yeast variant which introduced at least two or more biosynthesis system genes of a mammals mold sugar chain into the 
yeast variant with the quality of a variant of och1 variation, mnn1 variation, and mnn4 variation. 

[Claim 11] The yeast variant which introduced at least one or more biosynthesis system genes of a mammals mold sugar chain into the 
yeast variant given in any 1 term of claims 1-6. 

[Claim 12] The manufacturing method of the oligosaccharide chain which cultivates a yeast variant according to claim 10 or 11 to a 
culture medium, is made to carry out generation are recording of the glycoprotein which contains an oligosaccharide chain as an 
asparagine joint mold sugar chain in a culture, and is characterized by collecting these oligosaccharide chains from this culture from the 
glycoprotein which extracted and extracted this glycoprotein. 

[Claim 13] The manufacturing method of a glycoprotein which cultivates a yeast variant according to claim 10 or 1 1 to a culture medium, 
is made to carry out generation are recording of the glycoprotein which contains an oligosaccharide chain as an asparagine joint mold 
sugar chain in a culture, and is characterized by extracting this glycoprotein from this culture. 

[Claim 14] The manufacturing method of a glycoprotein which cultivates the yeast variant according to claim 10 or 1 1 which carried out 
the transformation in the recombination plasmid containing the gene which carries out the code of the asparagine joint mold glycoprotein 
of the mammals origin to a culture medium, is made to carry out generation are recording of the glycoprotein which contains an 
oligosaccharide chain as an asparagine joint mold sugar chain in a culture, and is characterized by extracting this glycoprotein from this 
culture. 

[Claim 15] It is characterized by having the quality of a variant of och1 variation, mnn1 variation, mnn4 variation, and alg3 variation, and 
at least five or more quality of an auxotroph variant, and is the following formula (II). : 

Manal N 

|yianp1- 4GlcNAcf$1- 4G!cNAc 

Manat~2Mana1-2Mana1 ' 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) 

The yeast variant which has the glycoprotein productivity which comes out and contains the oligosaccharide chain with which it is 
expressed as an asparagine joint mold sugar chain. 

[Claim 16] och1 variation which destroyed OCH1 gene, without introducing eventually the gene which carries out the complementation 
of the auxotroph (deltaochl), The quality of a variant of mnn1 variation (deltamnnD which destroyed MNN1 gene, mnn4 variation 
(deltamnn4) which destroyed MNN4 gene, and alg3 variation (deltaalg3) which destroyed ALG3 gene, It is characterized by having at 
least one or more quality of an auxotroph variant, and is the following formula (II). : 

Manal N 

|wianp1- 4GIcNAcp1- 4GIcNAc (n > 

Manal -2Mana1 -2Mana1 ' 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) 

The yeast variant which has the glycoprotein productivity which comes out and contains the oligosaccharide chain with which it is 
expressed as an asparagine joint mold sugar chain. 
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[Claim 1 7] The yeast variant according to claim 1 5 or 1 6 as which the quality of an auxotroph variant is chosen from ura3 variation, his3 
variation, Ieu2 variation, ade2 variation, trp1 variation, and can1 variation. 

[Claim 18] The yeast variant according to claim 17 which is the yeast belonging to a Saccharomyces (Saccharomyces) group. 
[Claim 1 9] The yeast variant according to claim 1 8 which is the yeast belonging to Saccharomyces cerevisiae (Saccharomyces 
cerevisiae). 

[Claim 20] The yeast variant according to claim 19 which is Saccharomyces cerevisiae (Saccharomyces cerevisiae) YS134-4 A share. 
[Claim 21] A yeast variant given in any 1 term of claims 15-20 is cultivated to a culture medium, and it is the following type in a culture 

Manal s 

^VJanpl- 4GIcNAcjJl- 4GlcNAc 

ai). : Manal -2Manal -2Mana1 ' 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) 

The manufacturing method of the oligosaccharide chain which is made to carry out generation are recording of the glycoprotein which 
comes out and contains the ** oligosaccharide chain with which it is expressed as an asparagine joint mold sugar chain, and is 
characterized by collecting these oligosaccharide chains from this culture from the glycoprotein which extracted and extracted this 
glycoprotein. 

[Claim 22] A yeast variant given in any 1 term of claims 1 5-20 is cultivated to a culture medium, and it is the following type in a culture 

Manal x 



!jUanp1« 4GlcNAcpi- 4G!cNAc < n) 



(ID. : Manal -2 Manal -2Mana1 * 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) 

The manufacturing method of a glycoprotein which is made to carry out generation are recording of the glycoprotein which comes out 
and contains the oligosaccharide chain with which it is expressed as an asparagine joint mold sugar chain, and is characterized by 
extracting this glycoprotein from this culture. 

[Claim 23] A yeast variant given in any 1 term of claims 15-20 which carried out the transformation in the recombination plasmid 
containing the gene which carries out the code of the asparagine joint mold glycoprotein of the mammals origin is cultivated to a culture 
medium, and it is the following type in a culture (II). : 

Manal s 

|vianp1- 4GlcNAc|i1- 4GIcNAc CII) 

Manal -2Mana1 ~2Mana1 ' 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) 

The manufacturing method of a glycoprotein which is made to carry out generation are recording of the glycoprotein which comes out 
and contains the oligosaccharide chain with which it is expressed as an asparagine joint mold sugar chain, and is characterized by 
extracting this glycoprotein from this culture. 

[Claim 24] The yeast variant which introduced at least two or more biosynthesis system genes of a mammals mold sugar chain into the 
yeast variant with the quality of a variant of och1 variation, mnn1 variation, mnn4 variation, and alg3 variation. 

[Claim 25] The yeast variant which introduced at least one or more biosynthesis system genes of a mammals mold sugar chain into the 
yeast variant given in any 1 term of claims 15-20. 

[Claim 26] The manufacturing method of the oligosaccharide chain which cultivates a yeast variant according to claim 24 or 25 to a 
culture medium, is made to carry out generation are recording of the glycoprotein which contains an oligosaccharide chain as an 
asparagine joint mold sugar chain in a culture, and is characterized by collecting these oligosaccharide chains from this culture from the 
glycoprotein which extracted and extracted this glycoprotein. 

[Claim 27] The manufacturing method of a glycoprotein which cultivates a yeast variant according to claim 24 or 25 to a culture medium, 
is made to carry out generation are recording of the glycoprotein which contains an oligosaccharide chain as an asparagine joint mold 
sugar chain in a culture, and is characterized by extracting this glycoprotein from this culture. 

[Claim 28] The manufacturing method of a glycoprotein which cultivates the yeast variant according to claim 24 or 25 which carried out 
the transformation in the recombination plasmid containing the gene which carries out the code of the asparagine joint mold glycoprotein 
of the mammals origin to a culture medium, is made to carry out generation are recording of the glycoprotein which contains an 
oligosaccharide chain as an asparagine joint mold sugar chain in a culture, and is characterized by extracting this glycoprotein from this 
culture. 

[Claim 29] The yeast stock which an alpha-mannosidase II gene is introduced and has alpha-mannosidase II activity. 

[Claim 30] The manufacturing method of the alpha-mannosidase II which cultivates a yeast stock according to claim 29 to a culture 

medium, and is characterized by extracting the alpha-mannosidase II by which generation are recording was carried out into the culture. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Technical field This invention relates to the approach of manufacturing a sugar chain and a glycoprotein by the sugar chain engineering 
technique using the new yeast variant which has the glycoprotein productivity which added the sugar chain which a mammals cell 
produces, and the sugar chain which has the same sugar chain structure to proteinic asparagine residue, and this variant. 
Background technique There are two kinds of protein which exists in a natural community, the simple protein which consists only of 
amino acid, and the conjugated protein which the sugar chain, a lipid, a phosphoric acid, etc. combined, and it is known about cytokine 
that the most is a glycoprotein. Among these, about erythropoietin (EPO) or a tissue plasminogen activator (TPA), if the sugar chain is 
removed, stopping showing original bioactive will have been clarified (the Kobata positive, a protein nucleic-acid enzyme, 36,775-788 
(1991)). Although it is expected that the sugar chain is bearing the role important for the manifestation of bioactive, since correlation 
with the structure of a sugar chain and bioactive is not necessarily clear, development of the technique which can carry out alteration 
control of the structures (the class of sugar, a joint location, chain length, etc.) of the sugar chain added to a protein part freely is 
needed. 

It divides roughly into the sugar chain of a glycoprotein, there are an Asn joint mold, a mucin mold, an O-GlcNAc mold, a GPI support 
mold, a proteoglycan mold, etc. in it (the Takeuchi sincerity, the glycobiology series 5, the Glico technology, the volume Akira Kobata, 
Hakomori and for Katsutaka Nagai, Kodansha scientific, 191-208 (1994)), it has the biosynthetic path of a proper, respectively, 

and the physiological function according to individual is borne. Among these, about the biosynthetic path of an Asn joint mold sugar 
chain, there is many knowledge and it is analyzed in detail. 

The precursor which consists of N-acetyl glucosamine, a mannose, and a glucose is compounded on lipid carrier intermediate field, and 
the biosynthesis of an Asn joint mold sugar chain is first transferred to it by the specific array (Asn-X-Ser or Thr) of a glycoprotein by 
the endoplasmic reticulum (ER). Next, M8 high mannose mold sugar chain (Man8GlcNAc2) which consists of mannose 8 residue and N- 
acetyl glucosamine 2 residue is compounded in response to processing (cutting of glucose residue and specific mannose residue). 
Although the protein containing this high mannose mold sugar chain is conveyed to a Golgi body and various qualification is received, the 
qualification with this Golgi body differs greatly by yeast and the mammals (1426 Gemmill, T.R., Trimble, R.B., Biochim.Biophys.Acta., 227 
(1999)). 

In a mammals cell, in many cases, the alpha-mannosidase I acts on a high mannose mold sugar chain, and the number residue of 
mannoses is cut. The sugar chain (Man5-8GlcNAc2) generated in this process is a sugar chain called a high mannose mold. N-acetyl 
GURUKOSAMI nil transferase (GnT) I acts on M5 high mannose mold sugar chain (Man5GlcNAc2) with which 3 residue of mannoses was 
cut, 1 residue of N-acetyl glucosamines is transferred, and the sugar chain which consists of GlcNAcMan5GlcNAc2 generates. Thus, the 
made sugar chain is called a hybrid (hybrid) mold. Furthermore, if the alpha-mannosidase II and GnT-II act, it will become the sugar chain 
structure called a compound (complex) mold called GlcNAc2Man3GlcNAc2, the glycosyltransferase group which also amounts to about 
ten sorts will act after this, N-acetyl glucosamine, a galactose, a sialic acid, etc. will be added, and various mammals mold sugar chains 
will be formed ( drawing 1 ). the mammals — a high mannose mold, a hybrid mold, and a compound die — although any sugar chain is 
seen, the sugar chain to combine changes with protein, and the sugar chain with which molds differ also within one protein has joined 
together. These sugar chains show the function which was [ property / the biosynthesis of a glycoprotein, intracellular sorting, antigenic 
concealment, stability in the living body, / organ targeting ] excellent with the class of the mold or united sugar chain (the Endo ****, 
glycoengineering, industrial Investigation Committees, 64-72 (1992)). 

The importance of the sugar chain is pointed out about the erythropoietin used as the first glycoprotein mold drugs in history produced 
considering the gene recombination body motion object cell as a host. Although the sugar chain of erythropoietin worked in inhibition for 
association with an acceptor, maintenance of activity structure and an improvement of a moving state in the living body have a decisive 
contribution, and it was shown that it is indispensable to the manifestation of pharmacological activity as a whole (Takeuchi and Kobata, 
Glycobiology, 1,337-346 (1991)). Furthermore, functionality strong between the structure of a sugar chain, a class, and a degree (the 
number of branching formed of GlcNAc combined with Man3GlcNAc2) and the pharmacology effectiveness of erythropoietin was found 
out (Takeuchi et al., Proc.Natl.Acad.Sci.USA, 86, 7819-7822 (1989)). By the erythropoietin from which branching structure has not 
developed, the path clearance in a kidney is brought forward and it is reported to be the main causes of this phenomenon that the 
residence time in the living body becomes short as a result (Misaizu etal., Blood, 86, 4097-4104 (1995)). The example similar to this is 
seen also by blood serum glycoproteins, such as fetuin, if a galactose is exposed by removing the sialic acid of the end of a sugar chain, 
it will be recognized by the lectin on the front face of hepatocyte, and disappearing promptly out of blood is found out (Ashwell and 
Harford, Annu.Rev.Biochem., 51 ,531-554(1 982);Morell et al., J.Biol.Chem., 243,155-159 (1968)). 

moreover, if the biosynthesis of many of enzyme groups which carry out localization to Homo sapiens lysosome is carried out and it is 
conveyed to a Golgi body, a phosphoric-acid radical will add it to the 6th place of the mannose residue of the nonreduction end of the 
high mannose mold sugar chain — having — this — lysosomal enzyme — it becomes a specific recognition marker. And after sorting 
out from other protein, being carried to prelysosome through association with the mannose-6-phosphate acceptor (MPR) which is the 
high affinity receptor and dissociating from MPR under acid conditions, it is further conveyed to lysosome (von Figura and Hasilik, 
Annu.Rev.Biochem., 54,167-193 (1984)). this lysosomal enzyme — when the addition reaction of a specific phosphoric-acid radical is 
performed by two sorts of enzyme reactions and it has a genetic defect in these genes, abnormalities arising in the targeting device to 
lysosome, and producing the critical symptoms named a lysosomal disease generically is known (Leroy and DeMars, Science, 157,804- 
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806 (1967)). Therefore, even if it says to a mammals mold sugar chain and a mouthful, it can be said that the structure is greatly 
concerned with a function. 

On the other hand, in yeast, the mannan mold sugar chain (outside sugar chain) which 100 or more residue of mannoses added to M8 
high mannose mold sugar chain from number residue is generated. It is thought that the biosynthesis of the outside sugar chain in 
Saccharomyces group yeast advances in drawing 2 and a path as shown by 3 (Ballou et al., Proc.Natl.Acad.Sci.USA, 87, 3368-3372 
(1990)). That is, the extended initiation reaction which a mannose adds to M8 high mannose mold sugar chain by alpha-1 and 6 
association first occurs ( drawing 2 , reactions I and B). It is clear that the enzyme which performs this reaction is protein by which a 
code is carried out to OCH1 gene (Nakayama et al., EMBO J., 11, 251 1-2519 (1992)). Furthermore, when the reaction ( drawing 2 , II) 
which carries out stepwise elongation of the mannose by alpha-1 and 6 association occurs, Pori alpha-1 and 6 joint mannose association 
used as the frame of an outside sugar chain are formed ( drawing 2 , E). Branching of alpha-1 and the mannose combined two times 
exists in the mannose of this alpha-1 and 6 association ( drawing 2 , 3:C, F, H), and further alpha-1 and the mannose combined three 
times may add to the point of the mannose of this alpha-1 that branched, and 2 association ( drawing 2 , 3:D, G, H, I). Addition of the 
mannose of this alpha-1 and 3 association is based on MNN1 gene product (Nakanishi-Shindo et al., J.Biol.Chem., 268, 26338-26345 
(1993)). Moreover, it turns out that the acid sugar chain which the mannose-1 -phosphoric acid added to the high mannose mold sugar 
chain part and the outside sugar chain part is also generated ( drawing 2 , *; phosphorylation possible part corresponding to * in said 
formula (I)). It turned out that this reaction is based on the gene in which MNN6 gene carries out a code (Wang et al., J.Biol.Chem., 272, 
18117-18124 (1997)), and became clear [the gene (MNN4) which carries out the code of the protein which just controls this 
rearrangement reaction further] (Odani et al., Glycobiology, 6,805-81 0(1 996);Odani et al., FEBS letters, 420,186-190 (1997)). 
In many cases, an outside sugar chain generates a heterogeneous protein product, and purification of protein is made difficult or it 
reduces specific activity (Bekkers et al., Biochim.Biophys.Acta, 1089, 345-351 (1991)). Furthermore, since the structures of a sugar 
chain differ greatly, the same bioactive as the thing of the mammals origin is not detected, or the glycoprotein produced with yeast has 
strong immunogenicity to a mammals animal etc. Thus, as a host at the time of making the useful glycoprotein of the mammals origin 
produce, yeast is made unsuitable. Development of the yeast which can produce a glycoprotein with bioactive equivalent to the thing of 
the mammals origin, i.e., the glycoprotein containing the sugar chain of a mammals mold, is desired from an institute or the industrial 
world. 

Therefore, it becomes important to isolate the variant which has a sugar chain biosynthesis system which a reaction which adds many 
mannoses which are qualification of a glycoprotein sugar chain peculiar to the above yeast first does not start in order to produce a 
mammals mold sugar chain using yeast, but an outside sugar chain stops adding, and sugar chain composition stops with M8 high 
mannose mold sugar chain. Next, it should be attained by introducing the biosynthesis system gene of a mammals mold sugar chain into 
M8 high mannose mold sugar chain which is the precursor of this mammals mold sugar chain at the above-mentioned yeast variant. 
Then, in order to obtain the glycoprotein in which the outside [ before ] sugar chain carried out deletion, the activity of the deficit stock 
of the sugar chain product enzyme group outside yeast has been considered. In order to obtain a deficit stock, there are a case where a 
gene mutation stock is acquired by drugs, UV irradiation, and spontaneous mutation, and the approach of destroying a target gene 
artificially. 

There are reports various until now about the former. For example, mnn2 variant has a deficit in the step of branching which produces 
alpha-1 and 2 association from alpha-1 of an outside sugar chain, and 6 frame, and mnn1 variant has a deficit in the step which 
generates the mannose of alpha-1 and 3 association at the head of branching. However, since there is no deficit in alpha-1 and 6 
mannose association which are the frame of an outside sugar chain, these variants all generate chain length's long outside sugar chain. 
Moreover, although mnn 7, 8, and 9, ten variants, etc. are isolated as a variant in which only 4-15 molecule extent has alpha-1 and 6 
mannose association Also in these variants, an outside sugar chain only becomes short. It is what sugar chain expanding stops with a 
high mannose mold sugar chain. There is nothing ** (Ballou et al., J.Biol.Chem., 255, 5986-5991(1980);Ballou et al., J.Biol.Chem., 264, 
11857-11864 (1989)). As for the addition deficit of an outside sugar chain, secretion variants, such as sec18 from which the protein 
transport to a Golgi body from an endoplasmic reticulum became temperature sensitivity, are also observed. However, in a sec variant, 
since the proteinic secretion itself will be checked at an elevated temperature, for the object of the secretory production of a 
glycoprotein, it is not suitable. 

Therefore, it is thought that these variants are unsuitable as host yeast for generating a mammals sugar chain since the high target 
mannose mold sugar chain cannot be biosynthesized thoroughly. 

On the other hand, the sugar chain biosynthetic path in the endoplasmic reticulum (ER) in yeast isolated the variant to which the 
biosynthesis suffered a loss in various phases, and has been clarified by analyzing this biochemically. Since the alg (asparagine-linked 
glycosylation) variant became less than the wild type cell in which incorporation of [3H] mannose to a sugar chain has an outer chain, 
the breakage and extinction by the radiation were isolated by the skillful sorting-out method **** condenses a **** variant. alg3 
variation accumulates Dol-pp-GlcNAc2-Man5 (Dol-pp is a dolichol pyrophosphoric acid) under non-permissive temperature in it (906 
Tanner, W.et al., Biochim.Biophys.Acta., 8199 (1987)). Moreover, **** and others is analyzing using the deltaoch1mnn1alg3 Mie variant 
(**** et al., a protein nucleic-acid enzyme, Vol.39, No.4, p. 657 (1 994)). When the mannan protein sugar chain was analyzed after the 
fluorescence label by PA (2 amino pilus gene), the principal component showed two peaks which are in agreement with Man8GlcNA2-PA 
and Man5GlcNAc2-PA. Among these, it became clear that the former is the same as that of alpha-1, 2-mannosidase digestion, the 
result of FAB-MS, etc. to ER core sugar chain. On the other hand, dyad clearance of the Man was carried out by alpha-1 and 2 
mannosidase digestion, the latter produced Man2GlcNAc2-PA, and Man was removed only for one molecule by the processing (partial 
acetolysis) which cuts specifically alpha-1 and Man combined six times. From these results, it became clear that the sugar chain of 
Man5GlcNAc2-PA which this Mie variant produces was the imperfect core mold sugar chain structure shown in said formula (II). in 
addition, the property of alg3 variation which accumulates Man5GlcNAc2-pp-Dol on a dolichol pyrophosphoric acid as a reason for 
generating not only Man5GlcNAc2 but Man8GlcNAc2 by this Mie variant — Leakey (leaky) — it is a sake. 

On the other hand, about the latter, the deficit stock which destroyed two or more target genes can be built now by development of the 
gene engineering-technique in recent years. 

What has auxotrophic mutation in yeast is known, and there are Ieu2 variation, trpl variation, ura3 variation, ade2 variation, his3 
variation, etc. as auxotrophic mutation (the work edited by Taiji Oshima, the biochemistry laboratory procedure 39, a yeast molecular 
genetics laboratory procedure, 119-144 (1996)). If the gene of the origin which does not have variation is introduced, these auxotroph 
can be canceled, and growth will become possible even if it does not add a need component into a culture medium. Gene disruption of 
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yeast can be performed based on this principle ( drawing 4 ). By this approach, the structure which make carry out fragmentation or 
partial deletion of the target gene DNA on a plasmid, and inserts the selective marker gene DNA suitable there by actuation within a test 
tube first and by which the selective marker was sandwiched between the upper section of a target gene and a downstream is produced, 
next, a line with this structure — it permutes by introducing DNA into a yeast cell by the DNA construct which put the lifting and the 
selective marker for two recombination between the analogous segments of the ends of an introductory fragment, and the target gene 
on a chromosome (Rothstein, Methods EnzymoL, 101,202-21 1 (1983)). By this approach, one selective marker is needed for destroying 
one gene. 

The molecular breeding of the yeast stock which suffered a loss in the outside sugar chain is already indicated by JP,6-277086,A and 
JP,9-266792,A. However, it turned out that the acid sugar chain which has phosphoric-acid residue in the glycoprotein sugar chain 
produced by the duplex variant (deltaochl deltamnnl) indicated by JP,6-277086,A is contained. Homo sapiens etc. is the structure which 
does not exist in the sugar chain of the mammals origin, and this acid sugar chain is recognized to be a foreign matter in a mammalian 
body, and is considered that antigenic is shown (Ballou, Methods EnzymoL, 185,440-470 (1990)). Then, the 4-fold variant (it indicates to 
JP,9-266792,A) which destroyed the function of a mannose transferring enzyme gene (KRE2) to perform the lenthening reaction of the 
gene (MNN4) which just controls mannose-1 -phosphate transfer further, and an O-joint mold sugar chain was built. The sugar chain of 
the glycoprotein which the yeast stock indicated by this produces became clear [ having the target M8 high mannose mold sugar chain ]. 
Furthermore, it is clear the stock's which introduced alpha-1 of the Aspergillus saitoi origin and a 2-mannosidase gene into this 
destructive yeast to have the high mannose mold sugar chain (Man5-8GlcNAc2) with which 1- number residue cutting of the mannose 
was carried out (Chiba et al., J.Biol.Chem., 273, 26298-26304 (1998)). 

moreover Niima and others further alg3 variation The 4-fold variant of the introduced another kind it is creating (Shimma Y.et al., 
Mol.Gen.Genet., 256,469-480(1 997);Wang et al., J.Biol.Chem.272, 181 17-18124(1997); Yoichi Niima, and **** Yoshifumi — ) The collection 
of the 32nd yeast genetics forum summaries, p. 64(1999);Shimma Y.et al., Abstracts ofXIX International Conference On Yeast Genetics 
and Molecular Biology, p.443 (1999). 

However, it is expected by the sugar chain of the glycoprotein which these yeast stocks produce that the glycoprotein containing a high 
mannose mold sugar chain does not show activity equivalent to the glycoprotein produced from the mammals cell from the sugar chain 
structure so that clearly also from the example of erythropoietin, although it exists also in the mammals and does not have antigenic. 
Moreover, the activity of this 4-fold variant after four selective markers (Ieu2, ura3, Iys2, trpD of the host who is a recessive gene 
variation becomes impossible by destruction of a target gene. Furthermore, about one of the remaining auxotroph markers, not mutation 
but since it is destroyed artificially, inclusion of a up to [ the yeast chromosome using homology with these marker loci on a 
chromosome ] cannot be performed. Therefore, it is difficult to introduce two or more genes belonging to a sugar chain hydrolase gene 
cluster required to produce the sugar chain of a mammals mold, a glycosyltransferase gene cluster, and a sugar nucleotide transporter 
gene cluster, and genes for performing production of a useful glycoprotein to these yeast stocks. As mentioned above, it is known that 
there are about ten glycosyltransferase groups required to produce the sugar chain of a mammals mold, and it is thought that it is 
unsuitable to make this yeast cell into a host in order to carry out alteration control of the sugar chain structure satisfactorily. 
The technical problem of this invention conquers the above-mentioned problem in production with the yeast of an Asn-joint mold 
glycoprotein, and is to offer the approach of manufacturing the glycoprotein containing a sugar chain with the same sugar chain 
structure as the high mannose mold which Homo sapiens and other mammals cells produce, a hybrid mold, and a compound die, and this 
sugar chain using yeast. 

Disclosure of invention this invention persons making the auxotrophic mutation which is a selective marker hold, as a result of repeating 
research wholeheartedly that the above-mentioned technical problem should be solved Namely, the inside of the gene which 
biosynthesizes a specific outside sugar chain in yeast, without introducing eventually the gene which carries out the complementation of 
the auxotroph, alpha-1 which performs the extended addition reaction of initiation, the gene which carries out the code of the 6 
mannosyotransferase (OCH1), alpha-1 which adds a mannose to the nonreduction end of a sugar chain, the gene which carries out the 
code of the 3 mannosyotransferase (MNN1), And according to the new yeast variant (auxotroph Mie variant) which destroyed the gene 
(MNN4) which controls addition of a mannose-1 -phosphoric acid It found out that various mammals mold sugar chains were producible 
by that a sugar chain with the same sugar chain structure as a mammals mold sugar chain is producible, and introducing the biosynthesis 
system gene of a mammals mold sugar chain into this variant. 
That is, this invention relates to the following (1) - (14). 

(1) It is characterized by having the quality of a variant of och1 variation, mnn1 variation, and mnn4 variation, and at least four or more 
quality of an auxotroph variant, and is the following formula (I). : 



(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) * A phosphorylation possible part is shown. 
The yeast variant which has the glycoprotein productivity which comes out and contains the oligosaccharide chain with which it is 
expressed as an asparagine joint mold sugar chain. 

(2) och1 variation which destroyed OCH1 gene, without introducing eventually the gene which carries out the complementation of the 
auxotroph (deltaochl), The quality of a variant of mnn1 variation (deltamnnl) which destroyed MNN1 gene, and mnn4 variation 
(deltamnn4) which destroyed MNN4 gene, The yeast variant which has the glycoprotein productivity which contains the oligosaccharide 
chain which is characterized by having at least one or more quality of an auxotroph variant, and is expressed with the above-mentioned 
formula (I) as an asparagine joint mold sugar chain. 

(3) The above (1) as which the quality of an auxotroph variant is chosen from ura3 variation, his3 variation, Ieu2 variation, ade2 variation, 
trp1 variation, and can1 variation, or a yeast variant given in (2). 
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(4) A yeast variant given in the above (3) which is the yeast belonging to a Saccharomyces (Saccharomyces) group. 

(5) A yeast variant given in the above (4) which is the yeast belonging to Saccharomyces cerevisiae (Saccharomyces cerevisiae). 

(6) A yeast variant given in the above (5) which is 1 9 shares of Saccharomyces cerevisiae (Saccharomyces cerevisiae) TIY. 

(7) The above (1) Manufacturing method of the oligosaccharide chain which cultivates a yeast variant given in either of - (6) to a culture 
medium, is made to carry out generation are recording of the glycoprotein which contains the oligosaccharide chain expressed with the 
above-mentioned formula (1) in a culture as an asparagine joint mold sugar chain, and is characterized by collecting these 
oligosaccharide chains from this culture from the glycoprotein which extracted and extracted this glycoprotein. 

(8) The above (1) Manufacturing method of a glycoprotein which cultivates a yeast variant given in either of - (6) to a culture medium, is 
made to carry out generation are recording of the glycoprotein which contains the oligosaccharide chain expressed with the above- 
mentioned formula (I) in a culture as an asparagine joint mold sugar chain, and is characterized by extracting this glycoprotein from this 
culture. 

(9) the mammals — the origin — an asparagine — association — a mold — a glycoprotein — a code — carrying out — a gene — 
containing — recombination — a plasmid — a transformation — carrying out — having made — the above — ( — one — ) - ( — six — ) 
— either — a publication — yeast — a variant — a culture medium — cultivating — a culture — inside — the above — a formula — 

( — I — ) — expressing — having — an oligosaccharide — a chain — an asparagine — association — a mold — a sugar chain — 
****** — containing — a glycoprotein — generation — are recording — carrying out — making — this — a culture — from — this — 
a glycoprotein — extracting — things — the description — ** — carrying out — a glycoprotein — a manufacturing method . 

(10) The yeast variant which introduced at least two or more biosynthesis system genes of a mammals mold sugar chain into the yeast 
variant with the quality of a variant of och1 variation, mnn1 variation, and mnn4 variation. 

(1 1) The above (1) Yeast variant which introduced at least one or more biosynthesis system genes of a mammals mold sugar chain into 
the yeast variant given in either of - (6). 

(12) The manufacturing method of the oligosaccharide chain which cultivates a yeast variant the above (10) or given in (1 1) to a culture 
medium, is made to carry out generation are recording of the glycoprotein which contains an oligosaccharide chain as an asparagine joint 
mold sugar chain in a culture, and is characterized by collecting these oligosaccharide chains from this culture from the glycoprotein 
which extracted and extracted this glycoprotein. 

(13) The manufacturing method of a glycoprotein which cultivates a yeast variant the above (10) or given in (1 1) to a culture medium, is 
made to carry out generation are recording of the glycoprotein which contains an oligosaccharide chain as an asparagine joint mold 
sugar chain in a culture, and is characterized by extracting this glycoprotein from this culture. 

(14) The manufacturing method of a glycoprotein which cultivates a yeast variant the above (10) which carried out the transformation in 
the recombination plasmid containing the gene which carries out the code of the asparagine joint mold glycoprotein of the mammals 
origin, or given in (11) to a culture medium, is made to carry out generation are recording of the glycoprotein which contains an 
oligosaccharide chain as an asparagine joint mold sugar chain in a culture, and is characterized by extracting this glycoprotein from this 
culture. 

The gene to which this invention persons do the code of the above-mentioned yeast alpha-1 and the 6 mannosyotransferase again 
(OCH1), alpha-1 which adds a mannose to the nonreduction end of a sugar chain, the gene which carries out the code of the 3 
mannosyotransferase (MNN1), To and the above-mentioned yeast variant (auxotroph Mie variant) which destroyed the gene (MNN4) 
which controls addition of a mannose-1 -phosphoric acid Furthermore, according to the new yeast variant (four-fold auxotroph variant) 
which destroyed the gene (ALG3) which participates in the sugar chain biosynthesis in ER Alpha-mannosidase which is one of the 
biosynthesis system genes of a mammals mold sugar chain It found out that various mammals mold sugar chains were producible by 
introducing the biosynthesis system gene of other mammals mold sugar chains, without introducing II gene. 
That is, this invention relates to the following (15) - (30) further. 

(15) It is characterized by having the quality of a variant of och1 variation, mnn1 variation, mnn4 variation, and alg3 variation, and at least 
five or more quality of an auxotroph variant, and is the following formula (II). : 

Manal N 

|\flanp1- 4G!cNAcj51- 4GlcNAc 

Mana1-2Mana1-2Mana1 ' 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) 

The yeast variant which has the glycoprotein productivity which comes out and contains the oligosaccharide chain with which it is 
expressed as an asparagine joint mold sugar chain. 

(16) , without introducing eventually the gene which carries out the complementation of the auxotroph och1 variation (deltaochl) which 
destroyed OCH1 gene, mnn1 variation which destroyed MNN1 gene (deltamnnl), The quality of a variant of mnn4 variation (deltamnn4) 
which destroyed MNN4 gene, and alg3 variation (deltaalg3) which destroyed ALG3 gene, The yeast variant which has the glycoprotein 
productivity which contains the oligosaccharide chain which is characterized by having at least one or more quality of an auxotroph 
variant, and is expressed with the above-mentioned formula (II) as an asparagine joint mold sugar chain. 

(17) The above (15) characterized by choosing the quality of an auxotroph variant from ura3 variation, his3 variation, Ieu2 variation, ade2 
variation, trp1 variation, and can1 variation, or a yeast variant given in (16). 

(18) A yeast variant given in the above (1 7) which is the yeast belonging to a Saccharomyces (Saccharomyces) group. 

(19) A yeast variant given in the above (18) which is the yeast belonging to Saccharomyces cerevisiae (Saccharomyces cerevisiae). 

(20) A yeast variant given in the above (19) which is Saccharomyces cerevisiae (Saccharomyces cerevisiae) YS134-4 A share. (21) The 
above (15) Manufacturing method of the oligosaccharide chain which cultivates a yeast variant given in either of - (20) to a culture 
medium, is made to carry out generation are recording of the glycoprotein which contains the oligosaccharide chain expressed with the 
above-mentioned formula (II) in a culture as an asparagine joint mold sugar chain, and is characterized by collecting these 
oligosaccharide chains from this culture from the glycoprotein which extracted and extracted this glycoprotein. 

(22) The above (15) Manufacturing method of a glycoprotein which cultivates a yeast variant given in either of - (20) to a culture 
medium, is made to carry out generation are recording of the glycoprotein which contains the oligosaccharide chain expressed with the 
above-mentioned formula (II) in a culture as an asparagine joint mold sugar chain, and is characterized by extracting this glycoprotein 
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from this culture. 

(23) the mammals — the origin — an asparagine — association — a mold — a glycoprotein — a code — carrying out — a gene — 
containing — recombination — a plasmid — a transformation — carrying out — having made — the above — ( — 1 5 — ) - ( — 20 — ) — 
either — a publication — yeast — a variant — a culture medium — cultivating — a culture — inside — the above — a formula — ( — 
[I — ) — expressing — having — an oligosaccharide — a chain — an asparagine — association — a mold — a sugar chain — ****** — 
containing — a glycoprotein — generation — are recording — carrying out — making — this — a culture — from — this — a 
glycoprotein — extracting — things — the description — ** — carrying out — a glycoprotein — a manufacturing method . (24) The 
yeast variant which introduced at least two or more biosynthesis system genes of a mammals mold sugar chain into the yeast variant 
with the quality of a variant of och1 variation, mnn1 variation, mnn4 variation, and alg3 variation. 

(25) The above (15) Yeast variant which introduced at least one or more biosynthesis system genes of a mammals mold sugar chain into 
the yeast variant given in either of - (20). 

(26) The manufacturing method of the oligosaccharide chain which cultivates a yeast variant the above (24) or given in (25) to a culture 
medium, is made to carry out generation are recording of the glycoprotein which contains an oligosaccharide chain as an asparagine joint 
mold sugar chain in a culture, and is characterized by collecting these oligosaccharide chains from this culture from the glycoprotein 
which extracted and extracted this glycoprotein. 

(27) The manufacturing method of a glycoprotein which cultivates a yeast variant the above (24) or given in (25) to a culture medium, is 
made to carry out generation are recording of the glycoprotein which contains an oligosaccharide chain as an asparagine joint mold 
sugar chain in a culture, and is characterized by extracting this glycoprotein from this culture. 

(28) The manufacturing method of a glycoprotein which cultivates a yeast variant the above (24) which carried out the transformation in 
the recombination plasmid containing the gene which carries out the code of the asparagine joint mold glycoprotein of the mammals 
origin, or given in (25) to a culture medium, is made to carry out generation are recording of the glycoprotein which contains an 
oligosaccharide chain as an asparagine joint mold sugar chain in a culture, and is characterized by extracting this glycoprotein from this 
culture. 

(29) The yeast stock which an alpha-mannosidase II gene is introduced and has alpha-mannosidase II activity. 

(30) The manufacturing method of the alpha-mannosidase II which cultivates a yeast stock given in the above (29) to a culture medium, 
and is characterized by extracting the alpha-mannosidase II by which generation are recording was carried out into the culture. 

This description includes the content indicated by the description of No. 233215, and/or the drawing the Japan Heisei 11 patent 
application which is the foundation of the priority of this application. 

The easy explanation array number 1 of an array table shows the primer A for amplifying 5' field of MNN1 gene. 

The array number 2 shows the primer B for amplifying 5' field of MNN1 gene. 

The array number 3 shows the primer C for amplifying 3' field of MNN1 gene. 

The array number 4 shows the primer D for amplifying 3' field of MNN1 gene. 

The array number 5 shows the primer E for amplifying 3' field of MNN4 gene. 

The array number 6 shows the primer F for amplifying 3' field of MNN4 gene. 

The array number 7 shows the primer G for amplifying 5' field of MNN4 gene. 

The array number 8 shows the primer H for amplifying 5' field of MNN4 gene. 

The array number 9 shows the primer I for amplifying 5' field of ALG3 gene. 

The array number 10 shows the primer J for amplifying 5' field of ALG3 gene. 

The array number 1 1 shows the primer K for amplifying 3' field of ALG3 gene. 

The array number 12 shows the primer L for amplifying 3' field of ALG3 gene. 

The array number 13 is alpha-mannosidase. The primer M for amplifying the amino terminal side field of II gene is shown. 

The array number 14 is alpha-mannosidase. The primer N for amplifying the amino terminal side field of II gene is shown. 

The array number 15 is alpha-mannosidase. The primer O for amplifying the center-section field of II gene is shown. 

The array number 1 6 is alpha-mannosidase. The primer P for amplifying the center-section field of II gene is shown. 

The array number 1 7 is alpha-mannosidase. The primer Q for amplifying the C terminal side field of II gene is shown. 

The array number 18 is alpha-mannosidase. The primer R for amplifying the C terminal side field of II gene is shown. 

The array number 1 9 shows the array S of the double stranded DNA which carries out the code of the gene combined so that HA-tag 

may be made to repeat 3 times. 

The array number 20 shows the array T of the double stranded DNA which carries out the code of the transmembrane domain of OCH1 
gene. 

The array number 21 is alpha-mannosidase. The primer U for amplifying a part of catalyst field of II gene is shown. 
The array number 22 is alpha-mannosidase. The primer V for amplifying a part of catalyst field of II gene is shown. 
The array number 23 is Homo sapiens UDP-GlcNAc. The primer W for amplifying a Transporter gene is shown. 
The array number 24 is Homo sapiens UDP-GlcNAc. The primer X for amplifying a Transporter gene is shown. 
The array number 25 is Homo sapiens prepro. The primer Y for amplifying alpha-factor and a FGF gene is shown. 
The array number 26 is Homo sapiens prepro. The primer Z for amplifying alpha-factor and a FGF gene is shown. 
Gestalt for inventing This invention is hereafter explained to a detail. 

The quality of a variant required for the yeast variant of this invention is the variation of an outside sugar chain biosynthesis system 
gene peculiar to yeast, and is specifically och1 variation, mnn1 variation, mnn4 variation or och1 variation, mnn1 variation, mnn4 
variation, and alg3 variation. 

That is, as long as it has the above-mentioned variation, it may be a spontaneous mutation stock or you may be an artificial mutation 
stock. 

Moreover, the quality of an auxotroph variant for introducing the foreign gene in the yeast variant of this invention is specified in the 
yeast stock to be used, and is specifically chosen from ura3 variation, his3 variation, Ieu2 variation, ade2 variation, trpl variation, and 
can1 variation. Although the number of the quality of an auxotroph variant is based on the number of the genes to introduce, generally 
one quality of an auxotroph variant is required to introduce one gene. Since the gene fragment to introduce is long, and introductory 
effectiveness falls, as a result manifestation effectiveness also falls when introducing two or more genes, much quality of an auxotroph 
variant is needed, so that there are many introductory genes. 
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In this invention, "the gene which carries out the complementation of the auxotroph" is a gene of the synthetic system of biogenic 
substances, such as amino acid and a nucleic acid. Since close requires variation on which, as for the quality of a variant, these genes 
do not function, the gene which carries out the complementation is the gene itself on which origin functions. Therefore, the gene of the 
original yeast stock origin is desirable. 

Moreover, although used for that (the quality of a variant is introduced) which destroys one or the gene beyond it with "without it 
introduces eventually the gene which carries out the complementation of the auxotroph", the selective marker of an auxotroph variant, 
i.e., the quality, beyond one piece or it, in case the characteristic concerned of the number of destructive genes and the same number 
remains and after destruction is gene disruption for the second time, it says that the same characteristic concerned can be used 
repeatedly (refer to drawing 5 ). 

The yeast variant (the following, auxotrophic mutant) which holds the quality of an auxotroph variant for introducing a foreign gene in 
this invention and by which the outside sugar chain biosynthesis system gene peculiar to yeast was destroyed is producible as follows. 
First, isolation of a DNA gene fragment required for destruction of a target gene By the genome project of Saccharomyces cerevisiae 
the conformation of all on the chromosome is known (Goffeau et al., Nature, and 387 (suppl.) — ) 1-105 (1997) — from things U.S. ATCC 
0 [ American Type ] Culture It is possible to receive distribution of the gene fragment which contains near the target gene from public 
engines, such as Collection, (ATCC Recombinant DNA materials, 3rd edition, 1993). Moreover, it is possible by extracting genomic DNA 
from S.cerevisiae according to the general technique, and sorting out the object gene. In the above, the extract of genomic DNA can be 
performed according to Cryer's and others approach (Methods in Cell Biology, 12, 39-44 (1975)), and P.Philippsen's and others approach 
(Methods Enzymol., 194,169-182 (1991)) from S.cerevisiae. 

After making a target gene amplify by the PCR method, it performs gene disruption. Although the PGR method is the technique which 
can amplify the specific fragment of DNA to hundreds of thousands or more times in about 2-3 hours using the combination of the 
sense antisense primer of the ends of the field, heat-resistant DNA polymerase, a DNA magnification system, etc. by in vitro (inch vitro) 
one, the synthetic single stranded DNA of 25-30mer is used as a primer, and it uses genomic DNA for magnification of a target gene as 
mold. 

Setting to this invention, destruction of a target gene is Rothstein and Methods. It can carry out by following to Enzymol. and the 
approach indicated by 101,202-21 1 (1983) fundamentally. This approach produces the structure which make carry out fragmentation or 
partial deletion of the target gene DNA on a plasmid, and inserts the selective marker gene DNA suitable there first and by which the 
selective marker was sandwiched between the upper section of a target gene, and a downstream, next introduces this structure into a 
yeast cell. The target gene on a lifting and a chromosome is permuted in an introductory fragment in two recombination by the above 
actuation between the analogous segments of the ends of an introductory fragment (DNA structure which put the selective marker), and 
the target gene on a chromosome. 

Concretely, it explains taking the case of production of a MNN1 gene-disruption stock. The cassette of hisG-URA3-hisG is cut down 
with a restriction enzyme from the plasmid (Alani et al., Genetics, 1 16,541-545 (1987)) by which the hisG gene DNA fragment of a 
salmonella built by Alani and others is combined with the ends of URA3 gene, it inserts in the target gene on a plasmid, and the 
destroyed allele is built. It permutes by the target gene of a chromosome using this plasmid, and a gene disruption stock is obtained. 
URA3 gene inserted in the chromosome is pinched by hisG, and falls out from a chromosome with hisG of 1 copy by homonous 
recombination during a hisG array. Although the hisG fragment of 1 copy remains and is destroyed still more by the target gene on a 
chromosome, a host cell serves as a Ura phenotype ( drawing 5 ). 5-fluoro orotic acid (5-FOA) can perform homonous recombination 
between this hisG. It becomes impossible to grow the cell strain to which ura3 variant is resistance (Boeke et al., Mol. Gen. Genet., 
1 97,345-346(1 984);Boeke et al., Methods Enzymol., 154,165-174 (1987)), and has a Ura3+ phenotype in 5-FOA to a 5-FOA culture 
medium, therefore, the culture medium which added 5-FOA — resistance — if a stock with a characteristic is separated, the actuation 
using URA3 is possible again. 

Hereafter, the auxotroph Mie variant (deltaoch1deltamnn1deltamnn4) made into the object of this invention can be obtained by 
performing MNN4 gene disruption and OCH1 gene disruption in this MNN1 gene-disruption stock by the same technique. Furthermore, 
by performing ALG3 gene disruption by the same technique, the four—fold auxotroph variant (deltaoch1deltamnn1deltamnn4deltaalg3) 
made into the object of this invention can be obtained. 

Therefore, on "the artificial destructive stock" which performed gene disruption artificially by the above-mentioned technique, the 
quality of an auxotroph variant which has the original yeast stock is not spoiled by gene disruption actuation. Therefore, even if the 
number of the quality of an auxotroph variant which this artificial mutation stock has is the Mie variant and it is 4-fold variant, it is equal 
to the number of the quality of an auxotroph variant which the original yeast stock has, and it will have it at least one or more pieces. 
Since the above-mentioned technique is not used on the "spontaneous mutation stock" to which it was not based on the above- 
mentioned technique, but gene disruption has happened automatically on the other hand, it is unrelated to the change in the number of 
the quality of an auxotroph variant. 

If it creates using the yeast stock which holds six quality of an auxotroph variant although OCH1, MNN1, and MNN4 gene are destroyed 
based on a conventional method when creating the yeast variant which produces M8 high mannose sugar chain in this invention, the 
number of the quality of an auxotroph variant which this variant has since only three quality of an auxotroph variant does not remain will 
become at least four or more pieces. 

Moreover, although the spontaneous mutation stock of mnn1 variation and alg3 variation can be used in creation by the conventional 
method when creating further the yeast variant which produces M8 high mannose sugar chain which variation produced at ALG3 gene to 
OCH1, MNN1, and MNN4 gene variation, since it is necessary to destroy OCH1 and MNN4 gene further, two quality of an auxotroph 
variant will be used. Therefore, if the yeast stock which holds the six above-mentioned quality of an auxotroph variant is used, since, as 
for the quality of an auxotroph variant, only four pieces will remain, the number of the qualities of an auxotroph variant of this variant 
becomes at least five or more pieces. 

In addition, as a selective marker, not only auxotroph markers, such as URA3, but the marker which gives resistance to drugs, such as 
G418, cerulenin, OLE OBASHIJIN, ZEOSHIN, canavanine, a cycloheximide, and a tetracycline, can be used by the above-mentioned 
actuation. Moreover, it is also possible to perform installation and destruction of a gene by using as a marker the gene which gives metal 
ion resistance over solvent resistance, glycerol, a salt, etc. to a methanol, ethanol, etc., such as osmotic-pressure resistance and 
copper, etc. 

When using phage as a general approach, for example, a vector, as the approach of the transformation by the installation and this to the 
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cell of DNA in the above-mentioned actuation, a host can be made to incorporate DNA efficiently by the approach of infecting this with 
an Escherichia coli host etc. moreover, the method of changing into the condition of processing by lithium salt and being easy to 
incorporate DNA as an approach of carrying out the transformation of the yeast using a plasmid automatically, and making a plasmid 
incorporate — or the approach of introducing DNA into intracellular electrically is employable (Becker and Guarente, Methods Enzymol., 
194,182-187 (1991)). 

Moreover, each of isolation, purification, etc. of DNA in the above-mentioned actuation can refine DNA the case of a conventional 
method, for example, Escherichia coli, with the DNA extract by alkali / the SDS method, and ethanol precipitate and also RNase 
processing, PEG settling, etc. Moreover, the decision of the DNA array of a gene etc. can be made by the usual approach (Sanger et al., 
Proc.Natl.Acad.ScL, USA, 74, 5463-5467 (1977)), for example, a dideoxy chain termination method etc. Furthermore, the decision of the 
above-mentioned DNA sequence can be easily made also by using a commercial sequence kit etc. 

Although the auxotrophic mutant produced as mentioned above can produce the mammals mold sugar chain of a high mannose mold, in 
order to make the sugar chain mammals mold sugar chain of a hybrid mold and a compound die produce further, it introduces a sugar 
chain hydrolase gene cluster peculiar to yeast, and a glycosy transferase gene cluster into this variant. Moreover, only a minute amount 
exists in the organ to which the biosynthesis of the sugar chain is actually carried out even if there is no sugar nucleotide transporter of 
these within yeast although it is required for the sugar nucleotide which serves as a raw material of a sugar chain since the biosynthesis 
of a sugar chain is originally performed within ER and a Golgi body as mentioned above to exist in these organs, or it is. Therefore, the 
sugar nucleotide transporter gene cluster which moves from cytoplasm the sugar nucleotide by which the biosynthesis was carried out 
into ER and a Golgi body is still more nearly required of intracytoplasmic. 

Therefore, in this invention, the gene belonging to the above-mentioned sugar chain hydrolase gene cluster, a glycosyltransferase gene 
cluster, and a sugar nucleotide transporter gene cluster is called "biosynthesis system gene of a mammals mold sugar chain." 
As a sugar chain hydrolase gene cluster, genes, such as alpha-mannosidase (alpha-mannosidase I, alpha-mannosidase II), As a 
glycosyltransferase gene cluster, N-acetyl GURUKOSAMI nil transferase (GnT-I, GnT-II, GnT-III, GnT-IV, GnT-V), As genes, such as 
galactosyltransferase (GalT) and fucosyltransferase (FucT), and a sugar nucleotide transporter gene cluster UDP-GlcNAc Transporter, 
UDP-Gal Genes, such as Transporter, are mentioned. These genes are possible also by also being able to isolate and use the gene of 
the mammals origin and compounding a gene. 

The above-mentioned "biosynthesis system gene of a mammals mold sugar chain" introduces only a number required to produce the 
target sugar chain for the gene belonging to one sort or two sorts or more of above-mentioned gene clusters. When the gene to 
introduce is plurality, even if it belongs to the gene cluster with those genes of the same kind, you may belong to the gene cluster of a 
different kind mutually. 

If the variant which introduced the above-mentioned foreign gene group into an above-mentioned auxotrophic mutant or this above- 
mentioned auxotrophic mutant is cultivated to a culture medium The high mannose mold sugar chain which the content of an outside 
sugar chain peculiar to yeast falls, and a mammals cell produces (Man5-8GlcNAc2), The glycoprotein containing the same Asn joint mold 
sugar chain as a hybrid mold sugar chain (GlcNAcMan5GlcNAc2) and a compound-die sugar chain (Gal2GlcNAc2Man3GlcNAc2 grade) 
can be made to produce out of yeast intracellular or a cell. 

When using the Mie variant (deltaochl deltamnnl deltamnn4) as an auxotrophic mutant, specifically It is alpha-mannosidase to this 
variant. By introducing I gene and a GnT-I gene A hybrid mold sugar chain can be made to produce, and it is the biosynthesis system 
gene (alpha-mannosidase it II(s)) of a mammals mold sugar chain. GnT-II, GalT, UDP-GlcNAc Transporter, UDP-Gal A double strand 
compound-die sugar chain (Gal2GlcNAc2Man2GlcNAc2) can be made to produce by introducing a Transporter gene. 
Furthermore, a 3 chain compound-die sugar chain and a 4 chain compound-die sugar chain can also be made to produce by introducing 
GnT-IV and a GnT-V gene. 

Moreover, it is alpha-mannosidase when using 4-fold variant (deltaochl deltamnnl deltamnn4deltaalg3) as an auxotrophic mutant. A 
double strand compound-die sugar chain (Gal2GlcNAc2Man2GlcNAc2) can be made to produce by introducing the biosynthesis system 
gene (alpha-mannosidase I, GnT-I, GnT-II, Gal-T, UDP-GlcNAc Transporter, UDP-Gal Transporter gene) of a mammals mold sugar 
chain, without introducing II gene. 

In order to obtain the sugar chain to generate and a glycoprotein by high yield, it is desirable to carry out a high manifestation for the 
above-mentioned enzyme in a suitable organ (for example, Golgi body). Therefore, it is effective to use the gene doubled with the codon 
usage of yeast. Moreover, in order to carry out localization of the enzyme to a suitable organ, it is also effective to add the signal 
sequence of yeast etc. Although how to use vectors, such as 2-micrometer plasmid type (YEp type) and a chromosome inclusion mold 
type (Yip type), about installation of a gene can be considered, according to the object, it can use properly. Since a YEp type vector can 
introduce a gene by many copies, a large quantity can be made to discover a gene. On the other hand, since a Yip type vector can make 
a gene exist in a chromosome, it can hold the gene stably. In order to make a gene discover, especially a need promotor has a desirable 
configuration-manifestation promotor to production of a sugar chain, although the induction manifestation promotor of configuration- 
manifestation promotors, such as GAPDH and PGK, GAL1, and CUP1 grade etc. is not limited. However, since growth of yeast may be 
affected for sugar chain hydrolase, a glycosyltransferase, and a sugar nucleotide transporter gene one sort or when two or more shots 
are made to express, it is necessary to take into consideration an induction promotors activity, and the sequence which introduces a 
gene in that case. 

Moreover, the variant obtained by drugs, UV irradiation, and spontaneous mutation in addition to the variant obtained by the artificial 
gene destructive procedure is also contained in the auxotrophic mutant in this invention like the above. This spontaneous mutation 
stock can produce similarly the glycoprotein which has a mammals mold sugar chain and a mammals mold sugar chain by introducing the 
biosynthesis system gene (gene belonging to a sugar chain hydrolase gene cluster, a glycosyltransferase gene cluster, and a sugar 
nucleotide transporter group) of the above-mentioned mammals mold sugar chain. 

furthermore, in order to make the glycoprotein with the above-mentioned sugar chain of the different-species living thing origin produce 
The gene which connected the genes (cDNA etc.) which carry out the code of the target glycoprotein by making the above-mentioned 
yeast variant into a host to a promotor s lower stream of a river which can be discovered with yeast is produced, or [ including in the 
above-mentioned yeast host by homologous recombination ] — or By inserting in a plasmid and carrying out the transformation of the 
above-mentioned host, a glycoprotein to have been produced out of yeast intracellular or a cell is recoverable by producing the above- 
mentioned host's transformant and cultivating this by the well-known approach. 

Culture of the above-mentioned yeast variant can be performed according to the conventional method commonly used by culture of 
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yeast. For example, the synthetic medium (a carbon source, a nitrogen source, mineral, amino acid, a vitamin, etc. are included) except 
the amino acid whose supply adds various kinds of culture-medium components supplied from Difco, and is attained with a marker 
required for the duplicate and maintenance of a plasmid etc. can be used (Sherman, Methods Enzymol., 194, 3-57 (1991)). 
What is necessary is just to use isolation of usual protein and a purification method, in order to carry out isolation purification of the 
glycoprotein from the above-mentioned culture (culture medium, culture biomass). 

For example, after culture termination, centrifugal separation recovers a cell, a cell is crushed by the ultrasonic crusher, the French 
press, the MANTONGAURIN homogenizer, dynomill, etc. after suspending in the drainage system buffer solution, and a cell-free extract 
is obtained. The isolation purification method of protein usual from the supernatant liquid obtained by carrying out centrifugal separation 
of this cell-free extract, Namely, the salting-out method by the solvent extraction method, an ammonium sulfate, etc., the desalting 
method, settling by the organic solvent, The anion-exchange chromatography method using resin, such as diethylaminoethyl (DEAE)- 
sepharose, S-Sepharose The cation-exchange chromatography method using resin, such as FF (Pharmacia manufacture), The 
hydrophobic chromatography method using resin, such as butyl sepharose and phenyl sepharose, Gel filtration, His using molecular 
sieving The affinity chromatography method using Bind resin (product made from Novagen) etc., independent in technique, such as 
electrophoresis methods, such as the chromatofocusing method and isoelectric focusing, — or it can combine and use and a purification 
preparation can be obtained. 

Example An example explains this invention concretely hereafter. However, these examples do not limit the technical range of this 
invention at all. 

[Example 1] Mammals mold sugar chain productivity The yeast variant which it has Production and the property of breeding (1) 
deltamnnl auxotrophic mutant of a (deltamnnl deltamnn4deltaoch1 auxotroph Mie variant) From pNK51 (Alani et al., Genetics, 116,541- 
545 (1987)) which already has a report The cassette (HUH) which the salmonella hisG gene has combined with the ends of URA3 gene 
by the direct repeat was cut by Bglll and BamHI, and was inserted in the BamHI part of the Escherichia coli plasmid pSP73. This plasmid 
was named pSP73~HUH. 

MNN1 gene is located near the yeast chromosome kinetochore of No. 5, and the DNA sequence of MNN1 gene is registered into the 
GenBank database by L23753 (Yip et al., Proc.Natl.Acad.Sci.USA, 9, 2723-2727 (1994)). 3' field was amplified for 5' field of MNN1 gene 
by PCR using Primer C (GCATGCTACATAACTCCAATCAGCAGCAAATATGTC: array number 3) and Primer D 
(GCGGCCGCGTGTTCTGTTCGGGTAACGTTTAAACCAAT: array number 4), respectively, using Primer A 

(GGATCCGAAGAAAACCTAATACATTGAAGT: array number 1) and Primer B (GCATGCCCTTTGGTTTAATATAAATCTCCGGAGTGC: 
array number 2). A nest and pHYHdeltamnnl were produced to the SphI part of Plasmid pHYH which has HIS3 marker for these DNA 
fragments. In order to destroy MNN1 gene using a HUH cassette, the SphI fragment of 1.8Kb was acquired from pHYHdeltamnnl, and 
pSP73-deltamnn1::HUH inserted in the SphI part of pSP73~HUH was built. By cutting this plasmid by the NotI part, linearization was 
carried out and the transformation of the wild strain W303-1A (MATa Ieu2-3,1 12his 3-11, 15 ade2-1 ura3-1 trp1-1 can 1-100) was 
carried out using the acetic-acid lithium method (Ito et al., J. Bacterid., 153,163-168 (1983)). It wound around the plate of a SD-Ura (2% 
glucose, excluding Yeast Nitrogen Base w/o amino acids (product made from Difco), and uracil 0.67% nucleobase, and amino acid mixture 
(20-400 mg/L)) culture medium after the transformation, and cultivated for two days at 30 degrees C, and the transformant was 
obtained. 

From the transformant, genomic DNA was prepared, and it checked that the uracil marker was built into the chromosome of MNN1 field 
by the PCR method, and was referred to as one share of TIY. 

This strain was selected in the YSD culture medium (1% yeast extract, 2% glucose, an adenine (40 mg/L), uracil (20 mg/L)) containing 5- 
FOA, and the URA3 gene omission stock was obtained. The mnn1 destructive stock which omitted URA3 gene using the PCR method 
like the above-mentioned approach was checked, deltamnnl: This strain containing :hisG was set to three shares of TIY(s). 
Since the MNN1 destructive stock is missing in alpha-1 of a nonreduction end, and the mannose of three association, it is known that 
the mobility of the invertase which receives N-joint mold qualification will become earlier than a wild strain. The wild strain cultivated in 
the YPAD culture medium and three shares of TIY(s) were re-suspended in the nutrition culture medium (1% yeast extract, 2%Bacto 
peptone, adenine (40 mg/L)) which contains sucrose 0.2%, respectively, and were cultivated for 3 hours. After it suspended in the SDS 
sample buffer after collecting biomasses, and the glass bead ground, SDS polyacrylamide electrophoresis was performed 6% using 
supernatant liquid. Detection of an invertase performed activity staining after induction using the triphenyl tetrazolium by sucrose 
(Ballou, Methods Enzymol., 1 85,440-470 (1 990)). Consequently, the invertase of three shares of TIY(s) to produce checked that mobility 
was earlier than the thing of a wild strain. 

(2) Production and the property of a deltamnnl deltamnn4 auxotroph duplex variant MNN4 gene is located in yeast the chromosome of 
No. 11, and the DNA sequence of MNN4 gene is registered into the GenBank database by D83006 (Odani et al., Glycobiology, 6,805-810 
(1996)). 5' field was amplified for 3' field of MNN4 gene by PCR using Primer G (CCCCCGAATTCAAGTCGGAGAACCTGACTG: array 
number 7) and Primer H (ATGGGCCCACTAGTATGCATCTCGCGTGGCATGG: array number 8), respectively, using Primer E 
(AGATGCATACTAGTGGGCCCATTGTGATTGGAAT: array number 5) and Primer F (CCCCCGAATTCGTGTGAAGGAATAGTGACG: 
array number 6). A nest and pSP73-deltamnn4::HUH were produced to said EcoRI part of pSP73-HUH which has a HUH cassette for 
these DNA fragments. By cutting this plasmid by the Spel part, linearization was carried out and the transformation of three shares of 
TIY(s) was carried out using the acetic-acid lithium method. It wound around the plate of a SD-Ura culture medium after the 
transformation, and cultivated for two days at 30 degrees C, and the transformant was obtained. 

From the transformant, genomic DNA was prepared, and it checked that the uracil marker was built into the chromosome of MNN4 field 
by the PCR method, and was referred to as nine shares of TIY(s). 

This strain was selected in the YSD culture medium containing 5-FOA, and the URA3 gene omission stock was obtained. The mnn4 
destructive stock which omitted URA3 gene using the PCR method like the above-mentioned approach was checked, deltamnnl: This 
strain containing :hisG deltamnn4::hisG was set to 1 1 shares of TIY(s). 

The existence of the phosphoric-acid radical in a sugar chain can be dyed in various colors by Alcian Blue (alcian blue). Electrification of 
Alcian Blue is just carried out, and it is coloring matter combined with negative electrification. Then, if a yeast cell is suspended in the 
buffer solution of pH3 and 0.1% of Alcian Blue 8GX (the product made from Sigma, code No.A3157) is added, in a sugar chain, only a 
thing with a phosphoric-acid radical dyes blue, and does not have a phosphoric-acid radical white. Since the sugar chain of a cell cortex 
has almost no phosphoric-acid radical, a deltamnn4 destructive stock is not dyed Alcian Blue. As a result of cultivating a wild strain, and 
TIY3 and TIY1 1 in a nutrition culture medium and arsine blue's dyeing each cell, it checked that only TIY1 1 did not dye blue. 
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(3) Production and the property of a deltamnn1deltamnn4deltaoch1 auxotroph Mie variant 0CH1 gene is located in yeast the 
chromosome of No. 7, and the DNA sequence of OCH1 gene is registered into the GenBank database by D11095 (Nakayama et al. f 
EMBO J., 11,2511-2519 (1992)). The interior AatH-Hpal part of OCH1 gene ofpBL-OCH1 (Nakayama et al., EMBO J., 11,2511-2519 
(1992)) containing the overall length of OCH1 gene already built was cut, and pBL-delta och1::HUH which inserted the HUH cassette 
obtained from flush-end-ized pNKY51 was produced. By cutting this plasmid by Sail and BamHI, the field containing deltaoch1::HUH was 
started and the transformation of TIY11 was carried out by the acetic-acid lithium method. A stock including deltaochl destruction is 
after a transformation and 0.3M, in order to show hyposmosis susceptibility. It wound around the plate of the SD-Ura culture medium 
containing KCI, and cultivated for two days at 30 degrees C, and the transformant was obtained. 

From the transformant, genomic DNA was prepared, and it checked that the uracil marker was built into the chromosome of deltaOCHI 
field by the PCR method, and was referred to as 17 shares of TIY(s). 

About this strain, it is 5-FOA and 0.3M. It selected in the YSD culture medium containing KCI, and the URA3 gene omission stock was 
obtained. The och1 destructive stock which omitted URA3 gene using the PCR method like the above-mentioned approach was 
checked, deltamnnl: This strain containing :hisG deltamnn4::hisG deltaochl ::hisG was set to 19 shares of TIY(s). 
19 shares of this auxotroph Mie variant TIY is the trust number FERM on July 27, Heisei 11 to National Institute of Bioscience and 
Human-Technology, Agency of Industrial Science and Technology (1-1-3, Higashi, Tsukuba-shi, Ibaraki-ken). International deposition is 
carried out as BP-6802. 

In order that 19 shares of books TIY including och1 destruction may form a high mannose mold sugar chain, it is known that the mobility 
of an invertase will become early compared with a wild strain, three shares of TIY(s), and 1 1 shares of TIY(s). Then, in order to confirm 
the effectiveness in the sugar chain length of an och1 destructive stock, as a result of detecting an invertase by the wild strain and the 
approach shown above from TIY3, TIY1 1, and 19 shares of TIY(s), respectively, it checked that mobility was a wild strain and the order 
of TIY3, TIY1 1, and TIY19 early. 

[Example 2] Production and the property of the yeast variant (delta four-fold mnn1deltamnn4deltaoch1deltaalg3 auxotroph variant) 
which has mammals mold sugar chain productivity ALG3 gene is located in yeast the chromosome of No. 2, and the DNA sequence of 
ALG3 gene is registered into the GenBank database by Z35844 (Feldmann et al., EMBO J., 13, 5795-5809 (1994)). 3' field was amplified 
for 5' field of ALG3 gene by PCR using Primers K (GAATTCCTATCCACCAAACTCACAAGCAAGCA: array number 1 1) and L 
(GCGGCCGCCGAGAGGGTGAACGGTGCAACTCAGGATT: array number 12), respectively, using Primers I 
(GCGGCCGCGAGACCTGAATCTTCGACACGCAAGAAAAA: array number 9) and J 

(GAATTCGCTTTCGAACAAAATCAAAAGGGGCATAAC: array number 10). A nest and pSP73-alg3::HUH were produced to the EcoRI 
part of pSP73-HUH which has a HUH cassette for these DNA fragments. By cutting this plasmid by the NotI part, linearization was 
carried out and the transformation of 19 shares of TIY(s) was carried out using the acetic-acid lithium method. It wound around the 
plate of a SD-Ura culture medium after the transformation, and cultivated for two days at 30 degrees C, and the transformant was 
obtained. 

From the transformant, genomic DNA was prepared, and it checked that the uracil marker was built into the chromosome of ALG3 field 
by the PCR method, and was referred to as 1 34 shares of YS(s). 

This strain was selected in SD culture medium containing 5-FOA, and the URA3 gene omission stock was obtained. The alg3 destructive 
stock which omitted URA3 gene using the PCR method like the above-mentioned approach was checked, deltamnnl: This strain 
containing :hisG deltamnn4::hisG deltaochl ::hisG deltaalg3::hisG was used as the YS134-4 A share. 

This four-fold auxotroph variant YS134-4 A share is the trust number FERM on July 27, Heisei 11 to National Institute of Bioscience 
and Human-Technology, Agency of Industrial Science and Technology (1-1-3, Higashi, Tsukuba-shi, Ibaraki-ken). International deposition 
is carried out as BP-6801. 

Since this YS134-4 A share including alg3 destruction has short sugar chain length, it is known that the mobility of an invertase will 
become early compared with a wild strain, three shares of TIY(s), 1 1 shares of TIY(s), and 1 9 shares of TIY(s). Then, in order to confirm 
the effectiveness in the sugar chain length of an alg3 destructive stock, as a result of detecting an invertase by the approach shown in 
the example 1 (1) from a wild strain, three shares of TIY(s), 1 1 shares of TIY(s), 19 shares of TIY(s), and YS134-4 A share, respectively, 
it checked that mobility was the order of a wild strain, three shares of TIY(s), 1 1 shares of TIY(s), 19 shares of TIY(s), and YS134-4 A 
share early. 

[Example 3] Separation and structural analysis of a content sugar chain of the cell-cortex mannan protein from a 
deltamnnl deltamnn4deltaoch1 auxotroph Mie variant Concanavalin A is lectin C-3, C-4, and the hydroxyl group of the C-6th place 
indicate compatibility to be to the sugar chain containing 2 or more residue of non-permuted alpha-D-Man, and glucan, a chitin, etc. 
which are yeast cell wall carbohydrates, and mannan protein can be separated by fixing this to a column. First, the mannan protein of a 
cell cortex was separated from the biomass of 19 shares of TIY(s) (Peat et al., J.Chem.Soc, 29 (1961)). 

0.3M 50ml of YPAD culture media containing KCI was put into the 500-ml Sakaguchi flask, it cultivated at 30 degrees C for 24 hours, 
biomasses were collected according to centrifugal separation, it suspended in the 10ml 100mM sodium-citrate buffer solution (pH7.0), 
and 121 degrees C was heated in the autoclave for 1 hour. After cooling, centrifugal separation was carried out, supernatant liquid was 
taken, similarly, the solid heated, and 10ml water is added once again and it collected [ centrifugal separation of it was carried out and ] 
supernatant liquid. All extracts were doubled and it poured into the ethanol of the amount of 3 times. The produced white precipitate 
was dried. This was dissolved in the buffer solution for concanavalin A (ConA) columns (0.1M sodium phosphate buffer solution 
containing 0.1 5M sodium chloride and a 0.5mM calcium chloride (pH7.2)), the ConA-agarose column (0.6 x 2cm, HONEN Corporation 
make) was presented, and it was eluted with the buffer solution for ConA columns which contains alpha-methyl mannoside of 0.2M after 
washing with the buffer solution for ConA columns. It freeze-dried by having dialyzed the obtained fraction, and mannan protein was 
obtained. 

Next, to the obtained mannan protein, enzyme processing was performed and the Asn joint mold sugar chain was cut down. That is, the 
freeze-drying preparation was dissolved in the buffer solution for N-glycosidase F of 100microl (0.5% SDS, 0.1 M Tris-HCI buffer solution 
containing 0.35% 2-mercaptoethanol (pH8.0)), and boiling processing was carried out for 5 minutes. 7.5% after returning to a room 
temperature of 50microl Nonidet H20 of P-40,138microl, N-glycosidase of 12microl F (product made from BERINGA) was added and 37 
degrees C was processed for 16 hours. BioRad In AG501-X8 column, equivalent phenohchloroform (1:1) was added after 
demineralization, it shook violently, a surfactant and protein were removed, and it considered as the sugar chain preparation. 
The following actuation was performed in order to carry out fluorescent labeling (it is called pyridylamino-izing and PA-ization) of the 



http://www4jpdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje 



2007/10/16 



JP,01/014522,A1 [DETAILED DESCRIPTION] 



10/26 ^— v 



obtained sugar chain. After concentration hardening by drying, the coupling reagent (552mg 2-aminopyridine was dissolved in the acetic 
acid of 200microl) of 40microl was added and sealed, and 90 degrees C of sugar chain preparations were processed for 60 minutes. After 
returning to a room temperature, the reduction reagent (200mg borane dimethylamine complex was dissolved in the acetic acid of H20 
of 50microl and 80microl) of 140microl was added and sealed, and was processed 80 degrees C for 80 minutes. After the reaction, after 
adding 200ml of aqueous ammonia, phenokchloroform (1:1) was added so that it might become ana further, and the water layers which 
shake violently and contain PA-ized oligosaccharide were collected. This was repeated 7 times and unreacted 2-aminopyridine was 
removed. It filtered with the 0.22-micrometer filter about supernatant liquid, and considered as PA-ized oligosaccharide preparation. 
In HPLC using an amide column, it is possible to separate PA-ized oligosaccharide by the chain length. A column is TSKGel. Using 
Amide-80 (4.6 x 250mm, TOSOH make), the solvent prepared the mixed liquor (A liquid) of 35:65 of the 200mM acetic-acid-triethylamine 
buffer solution (pH7.0) and an acetonitrile, and the mixed liquor (B liquid) of 50:50 of the 200mM acetic-acid-triethylamine buffer solution 
(pH7.0) and an acetonitrile. 

By pouring Solvent A by rate-of-flow 1.0 ml/min beforehand, the column was equilibrated, the rate of Solvent B was linearly raised from 
immediately after sample impregnation to 50% over 25 minutes, and the sink and PA-ized oligosaccharide were eluted for 5 minutes in 
Solvent A and Solvent B after that with 50:50. The result is shown in drawing 6 . The sugar chain of the mannan protein of 19 shares of 
TIY(s) which are a deltaoch1deltamnn1deltamnn4 auxotroph Mie variant to produce was mainly one peak in the amide column. This peak 
was in agreement with the elution location of a Man8GlcNAc2-PA preparation (TAKARA SHUZO make). Therefore, it became clear that 
the high mannose mold sugar chain of Man8GlcNAc2 has added to the mannan protein of 19 shares of TIY(s) to produce. 
[Example 4] Alpha-mannosidase to a deltaoch1deltamnn1deltamnn4 auxotroph Mie variant Installation of I gene Alpha-mannosidase 
which manages the initiation reaction in order to biosynthesize the sugar chain near a mammals mold with yeast What is necessary is to 
introduce the gene of I (alpha-1, 2-mannosidase) into an auxotroph Mie variant, and just to make it discover. Thereby, a high mannose 
mold sugar chain can biosynthesize Man5GlcNAc2 sugar chain which is the precursor of the mammals hybrid mold which became still 
shorter, or a mammals compound die. 

The endoplasmic reticulum mold manifestation plasmid pGAMHI (Chiba et al., J.Biol.Chem., 273, 26298-26304 (1998)) of alpha-1 of the 
Aspergillus saitoi origin which already has a manifestation track record, and 2-mannosidase was used, and the transformation of 1 9 
shares of TIY(s) was carried out by the acetic-acid lithium method. What carried out the transformation as control only by the vector 
pG3 which does not contain alpha-1 and a 2-mannosidase gene was used. It wound around the plate of a SD-Trp (2% glucose, excluding 
Yeast Nitrogen Base w/o amino acids (product made from Difco), and tryptophan 0.67% nucleobase, and amino acid mixture (20-400 
mg/L)) culture medium after the transformation, and cultivated for two days at 30 degrees C, and the transformant was obtained. The 
obtained transformant was set to TIY19pGAMH1. 

Preparation and analysis by HPLC were performed for the sugar chain like the example 3 from the obtained transformant. 

The analysis result by the amide column was shown in drawing 7 . In the thing of only the vector of control, like the result of an example 

3, it is mainly one peak ( drawing 7 , a), and was in agreement with the elution location of a Man8GlcNAc2~PA preparation (TAKARA 

SHUZO make). On the other hand, in TIY19pGAMH1 containing alpha-1 and a 2-mannosidase gene, four peaks were mainly seen 

( drawing 7 , b). Man5GlcNAc2-PA, Man6GlcNAc2-PA, Man7GlcNAc2-PA, the Man8GlcNAc2-PA preparation, and the elution location of 

these peaks corresponded with the early order of elution. These are called the high mannose mold sugar chain of a Homo sapiens mold. 

Next, elution isolated the earliest Man5GlcNAc2-PA fraction preparatively, and presented the opposite phase column. 

In HPLC using an opposite phase column, it is possible to separate PA-ized oligosaccharide according to the structure. A column is 

TSKGel. Using ODS-80TM (4.6 x 150mm, TOSOH make), a solvent is the 100mM ammonium acetate buffer solution (pH4.0) (A liquid) and 

0.5%. The 100mM ammonium acetate buffer solution (pH4.0) (B liquid) containing 1-butanol was prepared. 

By passing what mixed Solvent A and Solvent B by 95:5 beforehand by rate-of-flow 1.2 ml/min, the column was equilibrated, the rate of 
Solvent B was linearly raised from immediately after sample impregnation to 50% over 20 minutes, and PA-ized oligosaccharide was 
eluted. The result is shown in drawing 8 . The sugar chain fraction isolated preparatively is mainly one peak in an opposite phase column 
( drawing 8 , a), and this peak is the following type (III). : 



(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) # A GnT-I site of action is shown. 
It was in agreement with the elution location of the Man5GlcNAc2-PA preparation (TAKARA SHUZO make) which comes out and has 
the structure expressed ( drawing 8 , b). Therefore, it became clear that the sugar chain of the Man5GlcNAc2 mold which is the 
precursor of a hybrid mold and a compound die is contained in the mannan protein of one share of TIY19pGAMH to produce. 
[Example 5] Composition of a hybrid mold sugar chain (GlcNAcMan5GlcNAc2) preparation The object sugar chain was first compounded 
using the enzyme reaction of GnT-I out of the cell for check examination of the biosynthesis of a hybrid mold sugar chain 
(GlcNAcMan5GlcNAc2). The substrate specificity of GnT-I is dramatically strict, and transferring GlcNAc only to the mannose residue of 
the location of # by beta-1 and 2 association to the sugar chain structure shown by said formula (III) is known. 
The manifestation with the yeast of a rat GnT-I gene was successful with Yoshida and others (Yoshida et al., Glycobiology, 9, 53-58 
(1999)). After connecting this gene to the lower stream of a river of the GAP-DH promotor of pG3 which is a multicopy plasmid, it cut 
by Smal-Nael and the field containing a promotor, and ORF of GnT-I following it and a terminator was started. Next, this fragment was 
introduced into the Smal part of pY0354 which is a multicopy plasmid. This plasmid was named pYOG4. The transformation of 500 
shares of wild type yeast YPH was carried out by the acetic-acid lithium method using this plasmid. It wound around the plate of a SD- 
Trp (2% glucose, excluding Yeast Nitrogen Base w/o amino acids (product made from Difco), and tryptophan 0.67% nucleobase, and amino 
acid mixture (20-400 mg/L)) culture medium after the transformation, and cultivated for two days at 30 degrees C, and the transformant 
was obtained. The obtained transformant was set to YPH500/pYOG4. 

With the 500ml SD-Trp (2% glucose, excluding Yeast Nitrogen Base w/o amino acids (product made from Difco), and tryptophan 0.67% 
nucleobase, and amino acid mixture (20-400 mg/L)) solution, liquid culture of this was carried out and it carried out the harvest. It 



Manal N 



% 6 

^gManal K 
# Manal ' 



Manal 




http://www4.ipdljnpit.gojp/cgi-bin/tran_web_cgi_ejje 



2007/10/16 



JP,01/014522,A1 [DETAILED DESCRIPTION] 11/26 ^— is 

suspends after washing with chilled water in 5.7ml (50mM(s) potassium phosphate containing 1 M sorbitol (pH7.5)) of spheroplast culture 
media, and they are 2-mercaptoethanol 9microl and 12mg Zymolyase. 100T were dissolved in the spheroplast culture medium of 
300microl, and, in addition, 30 degrees C kept it warm for 45 minutes. 1M sorbitol 15ml was added, after centrifugal, again, by 1M sorbitol 
15ml, it washed and the harvest of the precipitate was carried out. It is lysis to this precipitate. 4ml (a 250mM sorbitol, 2microg [/ml ] 
antipain, 2microg [/ml ] chymostatin, 3microg [/ml ] leupeptin, 3microg [/ml ] pepstatin, 1mM bends amidine, 1mM EDTA, ImM EGTA, 
10mM(s) triethanolamine (pH7.2) solution containing 1mM PMSF) of buffer(s) was added, the cell was destroyed with the homogenizer, 
centrifugal was carried out by 220xg, and supernatant liquid was collected. Centrifugal [ of this supernatant liquid ] is carried out to a 
pan by 1 00,000xg(s), and it is lysis about that precipitate fraction, buffer It suspended in 150microl and considered as the enzyme 
solution of GnT-I. In addition, other GnT activity was not detected by this preparation. 

Next, the object sugar chain was compounded. Man5GlcNAc2 sugar chain (it purchases from TAKARA SHUZO) by which the label was 
carried out by PA was made into the acceptor substrate, and this was poured distributively in the tube by 200pmol(s). GnT-I enzyme 
solution 8.2microl prepared above in this tube after evaporation to dryness, 0.2M MnCI22microl and GnT-I reaction buffer(0.17M MES 
(pH6.0), 1.7% Triton X-100, 0.34% Bovine Serum Albumin, 8.47mM AMP, 1.69mM UDP-GlcNAc, 169mM GlcNAc)9.8microl were added, and 
37 degrees C was made to react for 3 hours. It boiled for 5 minutes, and filtered with the 0.22-micrometer filter after the reaction halt, 
and HPLC was presented. 

A column is TSKGel. Using ODS-80TM (46 x 250mm, TOSOH make), a solvent is 0.15%. The 100mM ammonium acetate buffer solution 
(pH6.0) containing 1-butanol was used. By pouring a solvent by rate-of-flow 1.2 ml/min beforehand, the column was equilibrated, the 
sample was poured in and PA-ized oligosaccharide was eluted. The result is shown in drawing 9 . Reactants are mainly two peaks in an 
opposite phase column, and the peak eluted early was in agreement with the elution location of a Man5GlcNAc2-PA preparation 
(structure is shown in the TAKARA SHUZO make and said formula (III)). Therefore, it was thought that this was an unreacted acceptor 
substrate. 

About the peak eluted late on the other hand, this was isolated preparatively and mass analysis by TOF-MS was performed after 
purification. LASERMAT2000 made from ThermoQuest is used and it is 2.5% of 2 and 5-dihydroxybenzoic as a matrix, acid, 40% It 
analyzed using 0.01% phosphoric-acid disodium containing an acetonitrile. Consequently, the mass of the above-mentioned peak fraction 
is considerable the bottom to the molecular mass (m/z=1521(H+);m/z=1541 (Na+)) expected. The sugar chain obtained from the strict 
substrate specificity of GnT-I is the following type (IV). : 
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(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) 

It was thought that it was hybrid mold sugar chain GlcNAcMan5GlcNAc2 for it to be alike and have the shown structure. 

[Example 6] Alpha-mannosidase to a deltaochl deltamnnl deltamnn4 auxotroph Mie variant Installation of I gene and a GnT-I gene What 

is necessary is to introduce a GnT-I gene into the yeast stock produced in the example 4 further, and just to make it discovered, in 

order to biosynthesize a hybrid mold sugar chain with yeast. Thereby, mammals hybrid mold GlcNAcMan5GlcNAc2 sugar chain can be 

biosynthesized. 

From the endoplasmic reticulum mold manifestation plasmid pGAMHI (Chiba et al., J.Biol.Chem., 273, 26298-26304 (1998)) of alpha-1 of 
the Aspergillus saitoi origin used in the example 4, and 2-mannosidase, it cut by Smal-Nael and the field containing a promotor, and ORF 
of alpha-1 following it and 2-mannosidase and a terminator was started. Next, this fragment was introduced into the Smal part of 
pYOG4. This plasmid was named pYOMG4. The transformation of 19 shares of TIY(s) was carried out by the acetic-acid lithium method 
using this plasmid. As control, what carried out the transformation only by pY0354 was used. It wound around the plate of a SD-Trp (2% 
glucose, excluding Yeast Nitrogen Base w/o amino acids (product made from Difco), and tryptophan 0.67% nucleobase, and amino acid 
mixture (20-400 mg/L)) culture medium after the transformation, and cultivated for two days at 30 degrees C, and the transformant was 
obtained. The obtained transformant was set to TIY1 9pYOMG4. 

This alpha-mannosidase Four shares of auxotroph Mie variant TIY19pYOMG(s) which I gene and a GnT-I gene are introduced and 
produce a hybrid mold sugar chain are the trust numbers FERM on July 2, Heisei 1 1 to National Institute of Bioscience and Human- 
Technology, Agency of Industrial Science and Technology (1-1-3, Higashi, Tsukuba-shi, Ibaraki-ken). International deposition is carried 
out as BP-6775. 

Preparation and analysis by HPLC were performed for the sugar chain like the example 3 from the obtained transformant. 
The analysis result by the amide column was shown in drawing 10 . In the thing of only the vector of control, like the result of an 
example 3, it is mainly one peak and was in agreement with the elution location of a Man8GlcNAc2-PA preparation (TAKARA SHUZO 
make) ( drawing 10 , A). In TIY19pYOMG4 containing alpha-1, a 2-mannosidase gene, and a GnT-I gene, five peaks were mainly seen 
( drawing 10 , B). Man5GlcNAc2-PA, Man6GlcNAc2-PA, Man7GlcNAc2-PA, the Man8GlcNAc2-PA preparation, and the elution location 
of four of these peaks ( drawing 10 , B;peak a, c, d, e) corresponded. These are called the high mannose mold sugar chain of a Homo 
sapiens mold. When only further alpha-1 and a 2-mannosidase gene were introduced, the new peak ( drawing 10 , B;peak b) which was 
not seen appeared. The elution location of this peak was in agreement with the elution location of the hybrid mold GlcNAcMan5GlcNAc2 
sugar-chain reference standard produced in the example 5. Furthermore this peak was isolated preparatively and the opposite phase 
column was presented like the example 3. A column, a solvent, and conditions were performed by the approach shown in the example 5. 
The sugar chain fraction isolated preparatively is mainly one peak in an opposite phase column ( drawing 1 1 ), and this peak was in 
agreement with the elution location of a GlcNAcMan5GlcNAc2-PA preparation again. Therefore, it became clear that the sugar chain of 
the GlcNAcMan5GlcNAc2 mold which is a hybrid mold is contained in the mannan protein of four shares of TIY1 9pYOMG(s) to produce. 
[Example 7] Homo sapiens liver alpha-mannosidase Manifestation with the yeast of II Alpha-mannosidase II is an enzyme which changes 
a hybrid mold sugar chain into a single strand compound-die sugar chain within a Golgi body. 

Homo sapiens liver alpha-mannosidase II gene sequence is registered into the GenBank database by U31520 (Misago et al., 



http://www4.ipdlJnpit.gojp/cgi-bin/tran_web_cgi_ejje 



2007/10/16 



JP,01/014522,A1 [DETAILED DESCRIPTION] 



12/26 s<— v 



Proc.Natl.Acad.Sci., 92, 11766-11770 (1995)). Human of Clontech Liver Marathon-Ready cDNA is made into a template. Alpha- 
mannosidase Primers M (CGCCGCCGAGCTCTAAAAAAATGAAGTTAAGCCGCC: array number 13) and N 

(ATCCCACCACTTTGAAAGGT: array number 14) are used for the part which carries out the code of the amino terminal side field of II. 
Primers O (GAAGACTCACGGAGGAAGTT: array number 1 5) and P (ATGGCGGTATATGTGCTCGA: array number 1 6) are used for the 
part which carries out the code of the center. The part which carries out the code of the C terminal side field was amplified by PCR 
using Primer Q (CGCAGTTTGGGATACAGCAA: array number 17) and Primer R (ATTATTATTAGCGGCCGCCCCTCAACTGGATTCG: 
array number 1 8), respectively. The obtained DNA fragment is introduced into the Srfl part of pCRScript, and it was made to become the 
right array which switches by the BglH part and carries out the code of all the fields after checking an array. This plasmid was named 
pCRMAN2. 

It is alpha-mannosidase because of the manifestation check of target protein. The gene combined so that HAtag which consists of 30bp 
(s) which carry out the code of the Muggle thynnine epitope to the three-dash terminal of II gene to an influenza virus may be repeated 
3 times was produced, and the vector was built. That is, chemosynthesis of the double stranded DNA which consists of an array S (array 
number 1 9) was carried out, and it inserted between BamHI of pYEX-BX of the plasmid for a manifestation, and an EcoRI part. This 
plasmid was named pYEX-BX-3HA. Next, it is alpha-mannosidase at pCRMAN2 to BamHI, and EcoRI. The part which carries out the 
code of the II was started, and it inserted between SacI of pYEX-BX-3HA, and a NotI part. This plasmid was named pYEMAN2-HA. 
Next, it is alpha-mannosidase in order to raise the amount of manifestations in yeast. The part which carries out the code of the 
transmembrane domain of II was permuted by the transmembrane domain part of the gene (OCH1) which carries out the code of alpha-1 
of yeast, and the 6-mannosyltransferase. That is, chemosynthesis of the double stranded DNA which consists of an array T (array 
number 20) was carried out, and it inserted between SacI of pBluescript, and an EcoRI part. This plasmid was named pBOCHI. On the 
other hand, it is alpha-mannosidase, using pYMAN2-HA as a template. A part of part which carries out the code of the catalyst field of II 
was amplified using Primer U (TTAGACTACCCATGGAACCCGCGCCGCGAGGGCTCCTTC: array number 21) and Primer V 
(CAGGAGAACTTTGGTTCGAAAAAGCTTTGACTTCTT: array number 22). It cut by Ncol and HindlH after checking this array, and 
inserted between Ncol of pBOCHI, and a HindlH part. Next, the fragment was cut down by SacI and PstI from this plasmid, and it 
permuted between Seal of pYEMAN2-HA, and PstI. This plasmid was named pYEOM2-HA. 

The transformation was performed using the acetic-acid lithium method, using the S.cerevisiae wild type yeast YPH500 as a host. 
pYEX-BX-3HA was used as control. It wound around the plate of a SD-Ura (2% glucose, excluding Yeast Nitrogen Base w/o amino acids 
(product made from Difco), and uracil 0.67% nucleobase, and amino acid mixture (20-400 mg/L)) culture medium after the transformation, 
and cultivated for two days at 30 degrees C, and the transformant was obtained. 

To OD 660= 0.8, after culture, the yeast by which the transformation was carried out carried out suitable amount addition, and cultivated 
the copper sulfate by the SD-Ura culture medium at 30 degrees C for further 2 hours. The cell was crushed with the glass bead in the 
SDS sample buffer after the harvest, and western blot analysis was performed using the cell extract. Western blot analysis uses rat 
anti-HA antibody as a primary antibody, and uses anti-rat IgG antibody peroxidase complex as a second antibody, and detection is 
Super. Signal It carried out by exposing to an X-ray film by making Ultra into a substrate. Consequently, by the cell extract which carried 
out the transformation by pYEOM2-HA, the signal was checked to a signal not being seen at all in control in the molecular weight about 
140000 location ( drawing 12 ). 

Next, the hybrid mold sugar chain (structure is shown in a formula (IV)) produced in the example 5 is made into a substrate, and it is 
alpha-mannosidase. The enzyme activity of II was measured. It is 0.2M to the said tube after drying hybrid mold sugar chain (structure is 
shown in formula (IV)) 100pmol within a sample tube. MnCI 2 and 1M After 8microl Adding every [ 2micro / I ] and H20 for GlcNAc and 
1M sodium acetate buffer solution (pH5.6), the cell extract was 8microl Added and the enzyme reaction was started. After having boiled 
after incubation at 37 degrees C overnight, suspending the reaction and removing an insoluble fraction by centrifugal, it analyzed in 
HPLC. In addition, the conditions of HPLC analysis followed the example 5. Consequently, alpha-mannosidase When the cell extract of 
yeast which made II discover was made into the source of an enzyme, as compared with control, the peak for 40 minutes was increasing 
clearly ( drawing 13 , B). The peak for these 40 minutes is alpha-mannosidase since it was in agreement with the elution location of the 
single strand compound-die sugar chain (Oguri et al., J.Biol.Chem., 272, 22721-22727 (1997)) expressed with the following type (V) 
obtained from the enzyme digest of PA-sugar chain reference standard (TAKARA SHUZO PA-Sugar Chain 022). It checked that it was 
the activity of II. 

Manal s 

gManpl- 4GlcNAc|3V 4GlcNAc (V) 

GlcNAc{31-2Wlancc1 ' 

(Man shows a mannose among a formula and GlcNAc shows N-acetyl glucosamine.) 

[Example 8] Production of the auxotroph Mie variant which introduced the gene required to produce a double strand compound-die 
sugar chain The manifestation with the yeast of Homo sapiens GnT-II is reported by Yoshida and others (Yoshida S.et al., Abstracts of 
the meeting - Yeast Cell Biology, p. 279, Cold Spring Harbor Laboratory (1997)). The GnT-H gene field which contains a promotor from 
this vector pSY1 14-GnT-II for a manifestation is started by Xbal, and it is pBluescript. It inserted in the Xbal part of SK. This plasmid 
was named pBlueGT2. Next, from the plasmid pYOG4 shown in the example 6, the GnT-I gene field including a promotor was started by 
BamHI and Xbal, and it inserted in BamHI of pBlueGT2, and a Xbal part. DNA after cutting down the object fragment by BssHII from this 
plasmid T four The fragment was inserted in the Smal part of pASZ10 plasmid (Stotz& Under, Gene, 95, 91-98 (1990)) which has ADE2 
as a marker after graduating an end by polymerase. This plasmid was named pASZGN12. The transformation of 19 shares of auxotroph 
Mie variants TIY which made pASZGN12 the shape of a straight chain by Hpal, and were produced in the example 1 was performed by 
the acetic-acid lithium method. SD-Ade which contains 0.3M KCI after a transformation (it wound around the plate of a glucose, the 
nucleobase except Yeast Nitrogen Base w/o amino acids (product made from Difco), and an adenine, and an amino acid mixture (20-400 
mg/L) culture medium 0.67% 2%, and cultivated for two days at 30 degrees C, and the transformant was obtained.) From the 
transformant, genomic DNA was prepared, and it checked that GnT-I and a GnT-II gene were included in the chromosome of ADE2 field 
by the PCR method, and was referred to as 22 shares of YCY(s). Each enzyme activity was measured using the cell extract of 22 shares 
of YCY(s), and the manifestation of GnT-I and GnT-II was checked. 

On the other hand, the manifestation with the yeast of Homo sapiens beta-1 and 4-GalT is reported by above-mentioned Yoshida and 
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others (.). (Yoshida S.etal., Abstracts of the meeting - Yeast Cell Biology, p.279, Cold Spring Harbor Laboratory (1997)) From this vector 
pGalT13C for a manifestation, beta-1 and a 4-GalT gene field including a promotor were started by Sail and Xhol, and it inserted in Sail 
of pRS403, and a Xhol part. This plasmid was named pRSGALL Moreover, Homo sapiens UDP-Gal The manifestation with the yeast of 
Transporter (Ugt2p) is reported by Kainuma and others (Kainuma et al., Glycobiology, 9,133-141 (1999)). From plasmid YEp352-GAP- 
UGT2 for a manifestation of this gene (UGT2), the gene field including a promotor was started by BamHI, and it inserted in the BamHI 
part of pRSGALL This plasmid was named pRSGATPI. pRSGATPI was made into the shape of a straight chain by Ndel, and the 
transformation of 22 shares of YCY(s) was performed by the acetic-acid lithium method. SD-His which contains 0.3M KCI after a 
transformation (it wound around the plate of a glucose, the nucleobase except Yeast Nitrogen Base w/o amino acids (product made 
from Difco), and a histidine, and an amino acid mixture (20-400 mg/L) culture medium 0.67% 2%, and cultivated for two days at 30 
degrees C, and the transformant was obtained.) From the transformant, genomic DNA was prepared, and it checked that beta-1, 4-GalT, 
and UGT2 gene was included in the chromosome of HIS3 field by the PCR method, and was referred to as 42 shares of YCY(s). Each 
enzyme activity was measured using the cell extract of 42 shares of YCY(s), and the manifestation of beta-1, 4-GalT, and Ugt2p was 
checked. 

Next, Homo sapiens liver alpha-mannosidase From vector pYEOM2-HA for a manifestation of II, the gene fragment which contains HA- 
tag by SacI and SphI is cut down, and it is DNA. T four The end was graduated by polymerase. This fragment was inserted in the Smal 
part of pAUR123. Alpha-mannosidase which contains a promotor after checking being tied to the promotor in the direction of the right II 
gene field was started by BamHI and it inserted in the BamHI part of pRS406. This plasmid was made into the shape of a straight chain 
by Ndel, and said transformation of 42 shares of YCY(s) was performed by the acetic-acid lithium method. SD-Ura which contains 0.3M 
KCI after a transformation (it wound around the plate of a glucose, the nucleobase except Yeast Nitrogen Base w/o amino acids 
(product made from Difco), and a uracil, and an amino acid mixture (20-400 mg/L) culture medium 0.67% 2%, and cultivated for two days 
at 30 degrees C, and the transformant was obtained.) From the transformant, genomic DNA was prepared, and it checked that the gene 
was included in the chromosome of URA3 field by the PCR method, and was referred to as 52 shares of YCY(s). Enzyme activity is 
measured using the cell extract of 52 shares of YCY(s), and it is alpha-mannosidase. The manifestation of II was checked. 
alpha-1 shown in the example 4, alpha-1 which includes promoterregion by Nael and Smal from the vector pGAMHI for a manifestation 
of 2-mannosidase, and a 2-mannosidase gene fragment were cut down, and it inserted in the Smal part of pY0325 vector. This plasmid 
was named pYOM5. Furthermore, UDP-GlcNAc required to supply a substrate to a Golgi body The Transporter gene was introduced. 
Homo sapiens UDP-GlcNAc The manifestation with the yeast of a Transporter gene is reported by Ishida and others (Ishida et al., 
J.Biochem., 1261, 68-77 (1999)). This vector for a manifestation is made into a template, and it is UDP-GlcNAc by the PCR method at 
Primer W (AGAGCGGCCGCAAAATGTTCGCCAACCTAA: array number 23) and Primer X 

(TTTTGTCGACTAGACGCGTGAAGCATGCCC: array number 24). The Transporter gene field was amplified. It cut by NotI and Sail after 
checking this array, and permuted between NotI of pG3-N, and a Sail part. Next, UDP-GlcNAc which includes promoterregion by Nael 
and Smal from this plasmid The Transporter gene fragment was cut down and it inserted in the Smal part of pYOM5. This plasmid was 
named pYOMR5. Said transformation of 52 shares of YCY(s) was performed by the acetic-acid lithium method using this plasmid. SD- 
Leu which contains 0.3M KCI after a transformation (it wound around the plate of the nucleobase except 2% glucose, 0.67% 
YeastNitrogen Base w/o amino acids (product made from Difco), and a leucine, and an amino acid mixture (20-400 mg/L) culture 
medium, and cultivated for two days at 30 degrees C, and the transformant was obtained.) This transformant was set to 73 shares of 
YCY(s). Enzyme activity is measured using the cell extract of 73 shares of YCY(s), and they are alpha-1, 2-mannosidase, and UDP- 
GlcNAc. The manifestation of Transporter was checked. 

Moreover, the plasmid for carrying out integration of hUGTrel2 to msdS was produced. It is Sma about PGAMH. I, Nae It cuts by I, a 
msdS array is started with a GAP promotor, and it is Pvu of pRS404. It inserted in II part. This plasmid was named msdS-pRS404. It is 
Sma about the plasmid by which hUGTre!2 is inserted in a GAP promotor's lower stream of a river, and hUGTrel2-pG3. I, Nae It cuts by 
I, hUGThel2 array is started with a GAP promotor, and it is Pst of msdS-pRS404. It inserted in I part. This plasmid was named HM- 
pRS404. BstX in TRP1 of HM-pRS404 It cut by I and the transformation of 42 shares of YCY(s) was carried out using the acetic-acid 
lithium method. It is YPAD+0.3M [ 5ml ] about a transformant. It checked that cultivated for two days at 30 degrees C, and msdS and 
hUGTre!2 were included in the chromosome of TRP1 by the PCR method by KCI. Moreover, enzyme activity was measured using the cell 
extract and the manifestation of the alpha-1, 2-mannosidase, and the UDP-GlcNAc transporter of both stocks was checked. The stock 
which carried out integration of hUGTrel2 to msdS at 42 shares of YCY(s) was set to 63 shares of TIY(s). 

Furthermore, Homo sapiens liver alpha-mannosidase From vector pYEOM2-HA for a manifestation of II, the gene fragment which 
contains HA-tag by SacI and SphI is cut down, and it is DNA. T four The end was graduated by polymerase. This fragment was inserted 
in the Smal part of pAUR123. Alpha-mannosidase which contains a promotor after checking being tied to the promotor in the direction 
of the right II gene field was started by BamHI and it inserted in the BamHI part of pRS406. This plasmid was made into the shape of a 
straight chain by Ndel, and the transformation of 63 shares of TIY(s) was performed by the acetic-acid lithium method. SD-Ura which 
contains 0.3M KCI after a transformation (it wound around the plate of 2% glucose, the nucleobase except Yeast Nitrogen Base w/o 
amino acids (product made from Difco), and a uracil, and an amino acid mixture (20-400 mg/L) culture medium 0.67%, and cultivated for 
two days at 30 degrees C, and the transformant was obtained.) From the transformant, genomic DNA was prepared, and it checked that 
the gene was included in the chromosome of URA3 field by the PCR method, and was referred to as three shares of MSY(s). Enzyme 
activity is measured using the cell extract of three shares of MSY(s), and it is alpha-mannosidase. The manifestation of II was checked. 
[Example 9] Production of the four-fold auxotroph variant which introduced the gene required to produce a double strand compound-die 
sugar chain The transformation of the four-fold auxotroph variant YS134-4 A share which made first the plasmid pASZGNI2 produced in 
the example 8 the shape of a straight chain by Hpal, and was produced in the example 2 was performed by the acetic-acid lithium 
method. SD-Ade which contains 0.3M KCI after a transformation (it wound around the plate of a glucose, the nucleobase except Yeast 
Nitrogen Base w/o amino acids (product made from Difco), and an adenine, and an amino acid mixture (20-400 mg/L) culture medium 
0.67% 2%, and cultivated for two days at 30 degrees C, and the transformant was obtained.) From the transformant, genomic DNA was 
prepared, and it checked that GnT-I and a GnT-II gene were included in the chromosome of ADE2 field by the PCR method, and was 
referred to as 122 shares of YCY(s). Each enzyme activity was measured using the cell extract of 122 shares of YCY(s), and the 
manifestation of GnT-I and GnT-II was checked. 

Next, the plasmid pRSGATPI produced in the example 8 was made into the shape of a straight chain by Ndel, and the transformation of 
122 shares of YCY(s) was performed by the acetic-acid lithium method. SD-His which contains 0.3M KCI after a transformation (it 
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wound around the plate of a glucose, the nucleobase except Yeast Nitrogen Base w/o amino acids (product made from Difco), and a 
histidine, and an amino acid mixture (20-400 mg/L) culture medium 0.67% 2%, and cultivated for two days at 30 degrees C, and the 
transformant was obtained.) From the transformant, genomic DNA was prepared, and it checked that beta-1, 4-GalT, and UGT2 gene 
was included in the chromosome of HIS3 field by the PCR method, and was referred to as 142 shares of YCY(s). Each enzyme activity 
was measured using the cell extract of 142 shares of YCY(s), and the manifestation of beta-1, 4-GalT, and Ugt2p was checked. 
Furthermore, the transformation of 142 shares of YCY(s) was performed by the acetic-acid lithium method using the plasmid pYOMRS 
shown in the example 8. SD-Leu which contains 0.3M KCI after a transformation (it wound around the plate of a glucose, the nucleobase 
except Yeast Nitrogen Base w/o amino acids (product made from Difco), and a leucine, and an amino acid mixture (20-400 mg/L) 
culture medium 0.67% 2%, and cultivated for two days at 30 degrees C, and the transformant was obtained.) This transformant was set to 
163 shares of YCY(s). Enzyme activity is measured using the cell extract of 163 shares of YCY(s), and they are alpha~1, 2-mannosidase, 
and UDP-GlcNAc. The manifestation of Transporter was checked. 

About 1 63 shares of this YCY, in order to see change of the sugar chain structure of the mannan protein of the cell cortex of yeast, the 
lectin dye affinity was evaluated. Although it is known that concanavalin A will combine with the high mannose mold containing mannose 
3 specific residue, a hybrid mold, a double strand compound-die sugar chain, etc., it is known that the high mannose mold sugar chain of 
the compatibility is more expensive compared with a hybrid mold and a double strand compound-die sugar chain, then, the yeast cell 
which carried out the harvest of the Texas-red indicator concanavalin A solution — mixing — sometimes — agitating — ** et al. — 4 
degrees C was left for 2 hours. They are after washing and 10mM at PBS. Alpha-methyl It washed by PBS containing mannoside and 
observed under the fluorescence microscope. Consequently, in the YS134-4 A share, it checked that the fluorescence as which after 
washing was regarded around the cell by 1 63 shares of YCY(s) although fluorescent staining of the surroundings of a cell was carried out 
was decreasing clearly. By 1 63 shares of YCY(s), the sugar chains of a high mannose mold decreased in number from this, and it was 
suggested that the compound-die sugar chain is generating. 

[Example 10] The production of the Homo sapiens fibroblast growth factor (FGF) in a yeast variant and the alteration of sugar chain 
structure which have mammals mold sugar chain productivity You supplied the FGF6-1 chimera gene (secFGF (N35)) from Ms. Atsuko 
Yoneda of National Institute of Bioscience and Human-Technology (Yoneda et al., BioTechniques, 27,576-590 (1999)). It is Sma about 
SecFGF (N35)/pBS. I, Nae It cut by I, FGF was started and it inserted in the HindlH part of pGEM2-alpha36. This plasmid was named 
pFGFalpha23. It is EcoR about pFGFalpha23. It cuts by I and is prepro. Alpha-factor and a FGF field are started and it is EcoR of 
pUC119 plasmid. It inserted in I part. This plasmid was named FGF-pUC119. In order to remove the EAEA array of alpha-factor, Primer 
Y (CGCCAGGGTTTTCCCAGTCACGAC: array number 25) and Primer Z (ATGGGCCGGCTCTTTTATCCAAAGATAC: array number 26) 
were used, and it amplified by PCR. It is EcoR of pUC18 about this DNA fragment. It included in I part and pAF02 plasmid was produced. 
It is Nae about pFGFOL I, Sma It cuts by I, FGF is started and it is Nae of pAF02. I, Sma It inserted in I part. This plasmid was named 
pAF03. It is EcoR about PAF03. It cuts by I and is prepro. Alpha-factor and a FGF field were started and the plasmid pAFF2 included in 
the lower stream of a river of the GAP promotor of a YEp352GAP plasmid was produced. It is Aat about pAFF2. II, Hpa It cut by I, 2- 
micrometer field was started, and the plasmid pAFF3 for yeast integration was built. Next, it is ApaL about pAFF3. I, Acc Pvu of the 
plasmid pY0325 which cuts by I, starts the array of FGF with a GAP promotor, and has LEU2 marker It inserted in II part. Furthermore, 
it is Spe about 2-micrometer field of a plasmid. It cut and removed by I. This plasmid was named pAFF9. EcoR in pAFF9 Linearization 
was cut and carried out by V and the transformation of the yeast (19 shares of TIY(s), 42 shares of YCY(s)) was carried out using the 
acetic-acid lithium method. It wound around the plate of a SD-Leu (2% glucose, excluding Yeast Nitrogen Base w/o amino acids (product 
made from Difco), and leucine 0.67% nucleobase, and amino acid mixture (20-400 mg/L)) culture medium after the transformation, and 
cultivated for two days at 30 degrees C, and the transformant was obtained, respectively. 

It is YPAD+0.3M [ 5ml ] about those transformants. It cultivated for three days at 30 degrees C, the heparin sepharose suspension 
(Pharmacia manufacture) of 50microl bed was added to culture supernatant liquid, it shook at 4 degrees C overnight, and FGF was made 
to stick to heparin sepharose by KCI. Then, heparin sepharose was collected in centrifugal and SDS-PAGE was presented with 
supernatant liquid after boiling by the SDS sample buffer. Western blotting was performed using the anti-FGF antibody, and it checked 
that FGF was discovered. Furthermore, it checked that FGF was included in the chromosome of LEU2 by the PCR method, and the 
stock which carried out integration of the FGF for the stock which carried out integration of the FGF to 1 9 shares of TIY(s) to 48 shares 
of TIY(s) and 42 shares of YCY(s) was set to 49 shares of TIY(s). 

In order to perform a proteinic stable and efficient manifestation furthermore, the plasmid for carrying out integration of the msdS was 
produced. It is EcoR about the plasmid pGAMH by which msdS is inserted in a GAP promotor s lower stream of a river. It cut by I and 
the plasmid except 2-micrometer field was produced. This plasmid was named plmsdS. Xba in TRP1 of plmsdS It cuts by I. TIY48 
(deltamnn1::hisG deltamnn4::hisG deltaoch1::hisG FGF::LEU2), TIY49 (deltamnn1::hisG deltamnn4::hisG deltaoch1::hisG FGF::LEU2 ade2:: 
[GnT-I & GnT-II] his3:: [beta-1.4-GalT &UGT2]) The transformation was carried out using the acetic-acid lithium method. It is 
YPAD+0.3M [ 5ml ] about the obtained transformant. It cultivated for three days at 30 degrees C, the heparin sepharose (Pharmacia 
manufacture) of 50microl was added to culture medium, it shook at 4 degrees C overnight, and FGF was made to stick to heparin 
sepharose by KCI. Then, heparin sepharose was collected, Western blotting was performed by the antibody of FGF, and it checked that 
msdS was discovered. Furthermore, it checked that msdS was included in the chromosome of TRP1 by the PCR method. The stock 
which carried out integration of the msdS for the stock which carried out integration of the msdS to 48 shares of TIY(s) to 53 shares of 
TIY(s) and 49 shares of TIY(s) was set to 54 shares of TIY(s). 

Next, the plasmid for carrying out integration of hUGTrel2 to msdS was produced. It is Sma about PGAMH. I, Nae It cuts by I, a msdS 
array is started with a GAP promotor, and it is Pvu of pRS404. It inserted in II part. This plasmid was named msdS-pRS404. It is Sma 
about the plasmid by which hUGTrel2 is inserted in a GAP promotors lower stream of a river, and hUGTrel2-pG3. I, Nae It cuts by I, 
hUGTrel2 array is started with a GAP promotor, and it is Pst of msdS-pRS404. It inserted in I part. This plasmid was named HM- 
pRS404. BstX in TRP1 of HM-pRS404 It cut by I and the transformation of 48 shares of TIY(s) and 49 shares of TIY(s) was carried out 
using the acetic-acid lithium method. It is YPAD+0.3M [ 5ml ] about a transformant. It cultivated for three days at 30 degrees C, the 
heparin sepharose suspension (Pharmacia manufacture) of SOmicrol bed was added to culture supernatant liquid, it shook at 4 degrees C 
overnight, and FGF was made to stick to heparin sepharose by KCI. Then, heparin sepharose was collected in centrifugal and SDS- 
PAGE was presented with supernatant liquid after boiling by the SDS sample buffer. Western blotting was performed using the anti-FGF 
antibody, and it checked that FGF was discovered. Furthermore, it checked that msdS and hUGTrel2 were included in the chromosome 
of TRP1 by the PCR method. Moreover, enzyme activity was measured using the cell extract and the manifestation of the alpha-1, 2- 
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mannosidase, and the UDP-GlcNAc transporter of both stocks was checked. The stock which carried out integration of hUGrrel2 for the 
stock which carried out integration of msdS and hUGTrel2 to 48 shares of TIY(s) to msdS at 59 shares of TIY(s) and 49 shares of TIY(s) 
was set to 60 shares of TIY(s). 

For preparation of a sugar chain, 48 shares of TIY(s) and 53 shares of TIY(s) which carried out integration of the FGF on the 
chromosome of LEU2 were used, and FGF was refined from the culture medium of 3L YPAD+0.3M of 3L After culture, centrifugal was 
carried out, 2ml heparin sepharose was added to the culture medium except a cell, it shook at 4 degrees C overnight, and FGF was made 
to stick to heparin sepharose for 30 degrees C and three days by KCI. Heparin sepharose is collected and they are a click and 
PBS+0.01% to a column. CHAPS, PBS+2.5M NaCI+0.01% FGF was made eluted from heparin sepharose by lifting of salt concentration by 
using CHAPS as a solvent. 

It desalted by applying 150micro of refined FGF abbreviation g to an opposite phase column. A column is muRPC. C2/C18 PC3.2/3 
column (Pharmacia manufacture) is used, and it is 0.1%. Trifluoroacetic acid and 0.1% -60% of trifluoroacetic acid Elution from an opposite 
phase column was performed by using an acetonitrile as a solvent. 

The sample eluted from the column was dried and hydrazinolysis was performed. The 2ml hydrazine was added by the vacua and it 
processed for 60 minutes at 1 10 degrees C. Then, it cooled to the room temperature and N-acetylation was performed, it was easy to 
add the 0.2M ammonium acetate of 250microl, and the acetic anhydride of 25microl, they were agitated, and it was left at the room 
temperature for 30 minutes, furthermore, it was easy to add the 0.2M ammonium acetate of 250microl, and the acetic anhydride of 
25microl, they were agitated, and it was left at the room temperature for 30 minutes. Concentration hardening by drying of the reaction 
mixture was carried out, and it considered as the sugar chain adjustment article. 

The following actuation was performed in order to carry out fluorescent labeling (pyridylamino-izing) of the obtained sugar chain. After 
concentration hardening by drying, the coupling reagent (300mg 2-aminopyridine was dissolved in the acetic acid of 100microl) of 
20microl was added and sealed, and 90 degrees C of sugar chain adjustment articles were processed for 60 minutes. Then, the reduction 
reagent (10mg borane dimethylamine complex was dissolved in the acetic acid of 50microl) of 20microl was added and sealed, and was 
processed for 60 minutes 80 degrees C. After the reaction, after carrying out addition candle power churning of the triethylamine- 
methanol of 20microl, it was easy to add the toluene of 40 moremicrol, it was agitated, and 60 degrees C carried out concentration- 
under nitrogen air current hardening by drying for 10 minutes. Then, after being easy to add the methanol of 20microl and agitating it to 
reaction mixture, it was easy to add the toluene of 40microl, it was agitated, and 60 degrees C carried out concentration-under nitrogen 
air current hardening by drying for 10 minutes. This was repeated 3 times, the toluene of SOmicrol was added to residue, and 60 degrees 
C carried out concentration-under nitrogen air current hardening by drying for 10 minutes. HW-40 gel-filtration column processing was 
performed after the reaction, and unreacted 2-aminopyridine was removed. 

HPLC using an amino column performed sugar chain structural analysis. A column is Asahipak. Using NH2P-50 (4.6mmx250mm), the 
solvent adjusted the mixed liquor (A liquid) of 7:3 of the 200mM acetic-acid-triethylamine buffer solution (pH7.3) and an acetonitrile, and 
the mixed liquor (B liquid) of 2:8 of the 200mM acetic-acid-triethylamine buffer solution (pH7.3) and an acetonitrile. 

By pouring Solvent A by rate-of-flow 1.0 ml/min beforehand, the column was equilibrated, the rate of Solvent B was linearly raised from 
immediately after sample impregnation to 100% over 50 minutes, and the sink and PA-ized oligosaccharide were eluted for 20 minutes in 
the rate of Solvent B after that with 100%. The analysis result was shown in drawing 14 . In the thing of the TIY48 origin, like the result 
of an example 2, it is mainly one peak ( drawing 14 , upper case), and was in agreement with the elution location of a Man8GlcNAc2-PA 
preparation (TAKARA SHUZO make). On the other hand, in 53 shares of TIY(s) containing alpha-1 and a 2-mannosidase gene, one peak 
was mainly seen ( drawing 14 , lower berth). The Man5GlcNAc2-PA preparation and the elution location of this peak corresponded. 
Therefore, FGF which is the Homo sapiens glycoprotein made to discover by 53 shares of TIY(s) became clear [ having the 
Man5GlcNAc2 mold sugar chain which is the precursor of an about 100% hybrid mold and a compound die ]. 

Furthermore, Homo sapiens liver alpha-mannosidase From vector pYEOM2-HA for a manifestation of II, the gene fragment which 
contains HA-tag by Sad and SphI is cut down, and it is DNA. T four The end was graduated by polymerase. This fragment was inserted 
in the Smal part of pAUR123. Alpha-mannosidase which contains a promotor after checking being tied to the promotor in the direction 
of the right II gene field was started by BamHI and it inserted in the BamHI part of pRS406. This plasmid was made into the shape of a 
straight chain by Ndel, and the transformation of 60 shares of TIY(s) was performed by the acetic-acid lithium method. SD-Ura which 
contains 0.3M KCI after a transformation (it wound around the plate of 2% glucose, the nucleobase except Yeast Nitrogen Base w/o 
amino acids (product made from Difco), and a uracil, and an amino acid mixture (20-400 mg/L) culture medium 0.67%, and cultivated for 
two days at 30 degrees C, and the transformant was obtained.) From the transformant, genomic DNA was prepared, and it checked that 
the gene was included in the chromosome of URA3 field by the PCR method, and was referred to as one share of MSY. Enzyme activity 
is measured using the cell extract of one share of MSY, and it is alpha-mannosidase. The manifestation of II was checked. 
Availability on industry According to the auxotroph Mie variant and four-fold auxotroph variant which carried out the breeding newly by 
this invention, the glycoprotein which has the same neutral sugar chain as the high mannose mold which mammals cells, such as Homo 
sapiens, produce, or the same neutral sugar chain is producible with a large quantity and sufficient purity. Moreover, the protein which 
has mammals mold sugar chains, such as a high mannose mold, a hybrid mold, and a compound die, or a mammals mold sugar chain is 
efficiently producible by introducing the biosynthesis system gene of a mammals mold sugar chain into the variant concerned. 
[Layout Table] 
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SEQUENCE LISTING 

<110> KIRIN BEER KABUSHIKI KAISHA 

Secretary of Agency of Industrial Science and Technology 

<120> Novel yeast mutant strain and method for preparing glycoprotein 
with mammal i an- typed sugar chains 

<130> PH-1034-PCT 

<160> 26 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 1 

GGATCCGAAG AAAACCTAAT ACATTGAAGT 30 

<210> 2 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 2 

GCATGCCCTT TGGTTTAATA TAAATCTCCG GAGTGC 36 

<210> 3 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : synthetic DNA 
<400> 3 

GCATGCTACA TAACTCCAAT CAGCAGCAAA TATGTC 36 

<210> 4 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 4 

GCGGCCGCGT GTTCTGTTCG GGTAACGTTT AAACCAAT 38 
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<210> 5 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: syntheti c DNA 
<400> 5 

AGATGCATAC TAGTGGGCCC ATTGTGATTG GAAT 34 

<210> 6 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 

<400> 6 

CCCCCGAATT CGTGTGAAGG AATAGTGACG 30 

<210> 7 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 30 

<223> Description of Artificial Sequence:synthetic DNA 
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<400> 7 

CCCCCGAATT CAAGTCGGAG AACCTGACTG 

<210> 8 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 8 

ATGGGCCCAC TAGTATGCAT CTCGCGTGGC ATGG 34 

<210> 9 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 9 

GCGGCCGCGA GACCTGAATC TTCGACACGC AAGAAAAA 38 

<210> 10 
<211> 36 
<212> DNA 
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<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 10 

GAATTCGCTT TCGAACAAAA TCAAAAGGGG CATAAC 36 

<210> 11 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 11 

GAATTCCTAT CCACCAAACT CACAAGCAAG CA 32 

<210> 12 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 12 

GCGGCCGCCG AGAGGGTGAA CGGTGCTAAC TCAGGATT 38 
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<210> 13 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 13 

CGCCGCCGAG CTCTAAAAAA ATGAAGTTAA GCCGCC 36 

<210> 14 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 14 

ATCCCACCAC TTTGAAAGGT 20 

<210> 15 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence : synthet i c DNA 



<400> 15 

GAAGACTCAC GGAGGAAGTT 20 

<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 16 

ATGGCGGTAT ATGTGCTCGA 20 

<210> 17 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 17 

CGCAGTTTGG GATACAGCAA 20 

<210> 18 
<211> 34 
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<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400>18 

ATTATTATTA GCGGCCGCCC CTCAACTGGA TTCG 34 

<210> 19 
<211> 162 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 19 

GGATCCGAGC TCCACCGCGG TGGCGGCCGC ATGTTTTACC CATACGATGT TCCTGACTAT 60 
GCGGGCTATC CCTATGACGT CCCGGACTAT GCAGGATATC CATATGACGT TCCAGATTAC 120 
GCAGCTACTA GTGGGCATGC TTCACGCGTC TAGTGAGAAT TC 162 

<2!0> 20 

<211> 176 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:synthetic DNA 
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<400> 20 

GAGCTCAAAA AGAAAGCAAG TAAAAGAAAG AAGAGATCAT GTCTAGGAAG TTGTCCCACC 60 
TGATCGCTAC AAGGAAATCA AAAACAATAG TCGTAACCGT ACTTCTTATT TATTCTTTGT 120 
TGACATTTCA CTTGTCAAAC AAAAGGCTGC TTTCTCAGTT TTACCCATGG GAATTC 176 

<210> 21 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 21 

TTAGACTACC CATGGAACCC GCGCCGCGAG GGCTCCTTC 39 

<210> 22 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 22 

CAGGAGAACT TTGGTTCGAA AAAGCTTTGA CTTCTT 36 
<210> 23 
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<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :synthet ic DNA 
<400> 23 

AGAGCGGCCG CAAAATGTTC GCCAACCTAA 30 

<210> 24 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
<400> 24 

TTTTGTCGAC TAGACG CGTG AAGCATGCCC 

<210> 25 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 
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<400> 25 



CGCCAGGGTT TTCCCAGTCA CGAC 



24 



<210> 26 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic DNA 

<400> 26 

ATGGGCCGGC TCTTTTATCC AAAGATAC 28 



[Brief Description of the Drawings] 

Drawing 1 shows the biosynthetic path of the common N-joint mold sugar chain in a mammals animal. 

Drawing 2 shows the biosynthetic path of the N-joint mold sugar chain in yeast (S.cerevisiae). H, C, and E follow I, D, and F of drawing 3 
among drawing, respectively. 

Drawing 3 shows the biosynthetic path (continuation) of the N-joint mold sugar chain in yeast (S.cerevisiae). 
Drawing 4 shows the destructive procedure of the conventional yeast gene. 

Drawing 5 shows how to destroy a gene, without introducing eventually the gene which carries out the complementation of the 
auxotroph. 

Drawing 6 shows structural analysis of a 19 shares of TIY(s) cell-cortex mannan protein sugar chain. 

Drawing 7 shows structural analysis in Amide-80 column of the cell-cortex mannan protein sugar chain of 1 9 shares of TIY(s) which 
introduced alpha-1 and a 2-mannosidase gene. 

a: Sugar chain b:alpha -1 of the mannan glycoprotein of 19 shares of TIY(s), sugar chain of the mannan glycoprotein of 19 shares of TIY 
(s) which introduced 2-mannosidase Drawing 8 shows structural analysis in the ODS-80TM column of the cell-cortex mannan protein 
sugar chain of 1 9 shares of TIY(s) which introduced alpha-1 and a 2-mannosidase gene. 

a: The standard sugar chain b of the structure shown by the formula (HI) : fraction isolated preparatively by drawing 6 Drawing 9 shows 
the result of GnT-I activity measurement. 

Drawing 10 shows structural analysis in Amide-80 column of the cell-cortex mannan protein sugar chain of 19 shares of TIY(s) which 
introduced alpha-1, the 2-mannosidase gene, and the GnT-I gene. 

A: Only a vector Sugar chain structural-analysis [ of 19 shares of introduced TIY(s) ] B: Sugar chain structural-analysis 
a:Man5GlcNAc2-PAb:GlcNAcMan5GlcNAc2-PAc:Man6GlcNAc2-PAd of 19 shares of TIY(s) which introduced alpha-1, the 2- 
mannosidase gene, and GnT-1 gene : Man7GlcNAc2-PAe:Man8GlcNAc2-PA Drawing 1 1 shows structural analysis in the ODS-80TM 
column of the cell-cortex mannan protein sugar chain of 19 shares of TIY(s) which introduced alpha-1, the 2-mannosidase gene, and the 
GnT-I gene. 

A: Mixture B of a reference standard : fraction isolated preparatively by drawing 10 .B Drawing 12 is alpha-mannosidase. The western 
blot analysis using the cell extract of 500 shares of YPH(s) which introduced II gene is shown. 

A: The western-blot-analysis result B of the cell extract from 500 shares of YPH(s) into which only the vector introduced (pYEX-BX- 
3HA) : western-blot-analysis result of the cell extract of 500 shares of YPH(s) which introduced the vector (pYEOM2-HA) containing a 
chimera alpha-mannosidase-II gene Drawing 13 is alpha-mannosidase. Alpha-mannosidase using the cell extract of 500 shares of YPH(s) 
which introduced II gene The result of II activity measurement is shown. 

Only a vector A: (pYEX-BX-3HA) Activity measurement YPH(s) [ which were introduced / 500 shares of ] result B: YPH(s) [ which 
introduced the vector (pYEOM2-HA) containing a chimera alpha-mannosidase-II gene / 500 shares of ] activity measurement result 
a:GlcNAcMan5GlcNAc2-PAb:GlcNAcMan3GlcNAc2-PA Drawing 14 Structural analysis in Amido-80 column of the FGF sugar chain of 53 
shares (lower berth) of TIY(s) which introduced 48 shares (upper case) of TIY(s) which introduced the FGF gene and the FGF gene, and 
alpha-1 and a 2-mannosidase gene is shown. 

Explanation GlcNAc and GN of a sign: N-acetyl glucosamines Man and M : Mannose PA : Formation of 2-amino pyridyl 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 3] 
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YEAST STRAINS 

Field of the Invention 

5 The present invention relates to the production of heterologous proteins by 
yeast species and more particularly to an adaptation of the yeast in which the 
protein is produced. 



Background and Prior Art 

10 

In recent years, yeasts have been widely used as host organisms for the 
production of heterologous proteins (reviewed by Romanos et al, 1992), 
including recombinant human albumin (rHA) (Sleep et al, 1990, 1991; Fleer 
et al, 1991). Yeasts are readily amenable to genetic manipulation, can be 
15 grown to high cell density on simple media, and as eukaryotes are suitable for 
the production of secreted as well as cytosolic proteins. 

When yeasts are utilised to produce a desired heterologous protein by secretion 
into the growth medium, a large number of host-derived proteins may also be 

20 present, including other proteins secreted by the host but also intracellular 
proteins present in the supernatant as the result of leakage from cells or cell 
lysis. In processes in which the protein is not secreted, there is of course an 
even higher level of contamination with intracellular yeast proteins. It is 
necessary to purify the desired protein and to remove these contaminating 

25 proteins from the preparation; such methods have been disclosed in WO 
> 92/04367 and EP 524 681. The majority of contaminating proteins will have 

physicochemical properties sufficiently different from the desired protein to 
permit efficient separation by standard techniques, such as ion exchange or size 
exclusion chromatography. The prior art gives the impression that such 

30 proteins can be satisfactorily removed by such techniques; see, for example EP 
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524 681 (Gist-brocades), EP 570 916 (Green Cross) and EP 464 590 (Green 
Cross). Indeed, we have developed sophisticated chromatographic techniques 
(unpublished) to remove contaminating proteins from desired proteins. 

5 Summary o f the Invention 

We have now also adopted a different approach and have identified the gene 
responsible for a protein, namely the HSP150 gene, which co-purifies with 
recombinant human albumin (rHA) and, in principle, with other desired 
10 proteins. In accordance with the invention, we eliminate the contaminating 
protein from the initial fermentation, rather than develop highly sophisticated 
and complex means of removal during purification. This protein was not 
previously known to be a co-purifying contaminant. 

15 In one aspect of the invention, the HSP150 gene is functionally deleted from 
the genome of the host. This has not caused any detrimental effects on 
production of the desired protein and removes a potential contaminant that has 
proven difficult to remove by standard purification techniques. Despite the 
presence of at least two closely related genes encoding proteins very similar to 

20 Hspl50, PIRI and PIR3, in such modified yeast, rHA purified from these 
organisms does not contain detectable levels of any protein from this family. 

The S. cerevisiae Hspl50 protein was originally described by Russo et al 
(1992) and was shown to be produced constitutively, to be extensively O- 

25 glycosylated and to be secreted efficiently into the growth medium. A 7-fold 
increase in the level of Hspl50 protein was seen when cells grown at 28 °C 
were shifted to 37°C. Makarow has proposed preparing fusions of Hspl50 (or 
fragments thereof) and a desired protein, in order to achieve enhanced, 
controllable secretion (WO 93/18167). The HSP150 gene encodes a primary 

30 translation product of 413 amino acids, including an N-terminal secretion signal 
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sequence of 18 amino acids that is not present in the mature protein. A further 
post-translational processing event occurs C-terminal to a pair of basic residues 
to yield two subunits of 54 and 341 amino acids which remain associated. The 
341 amino acid subunit contains 11 tandem repeats of a 19 amino acid 
5 sequence, the function of which is unknown. Homologues of the HSP150 gene 
were found in Torulaspora delbrueckzi, Kluyveromyces marxianus and 
Schizosaccharomyces pombe (Russo et al, 1992). 

The same protein has been designated the PIR2 protein by Toh-e et al (1993). 

10 The HSP150/PIR2 gene was shown to be a member of a family of at least three 
genes (PIR1, PIR2 and PIR3) all of which contain similar internal tandem 
repeats of approximately 19 amino acids. Homologues of the PIR genes were 
shown to be present also in Kluyveromyces lactis and Zygosaccharomyces 
rowcii (Toh-e et al, 1993). Disruption of the HSPJ50/PIR2 gene showed that 

15 this is not an essential gene (Russo et al, 1992; Toh-e et al, 1993). 

In this specification we refer to rHA as the desired protein. However, it is to 
be understood that the problem addressed by the invention will, in principle, 
be encountered with any other protein which has similar properties to those of 
20 rHA and which is therefore purified in the same way. Thus, the solution 
provided by the invention, namely elimination of Hsp 150, is applicable also to 
the production of such other proteins. 

Our studies have revealed that the Hsp 150 protein is inefficiently separated 
25 from rHA by ion exchange chromatography. Surprisingly, however, Hspl50 
does not appear in the fraction equivalent to the rHA fraction when rHA is 
absent. For example, when rHA-containing culture supernatant is passed 
through a cation exchange column under conditions which ensure binding of the 
rHA to the column (eg pH4.5, conductivity <7mS), Hspl50 also binds to the 
30 column and is eluted under the same conditions as rHA and thus contaminates 
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the rHA preparation. However, when culture supernatant from a yeast that 
does not secrete rHA is passed through such a column under the same 
conditions, the HsplSO protein does not bind to the matrix but passes straight 
through the column. The eluate fraction does not contain HsplSO in the 
5 absence of rHA. Similarly, the Hspl50 protein does not bind to an anion 
exchange column run under conditions which would result in binding of 
albumin (eg pH5.5, l.SmS) in the absence of rHA, but is present in the rHA 
eluate fraction when rHA is present. Surprisingly, we have found that the 
presence of rHA in culture supernatant significantly alters the behaviour of 
10 some yeast proteins during chromatographic purification of the rHA such that 
proteins with physico-chemical properties which indicate that they would be 
separated from albumin by, for instance, ion exchange chromatography in fact 
contaminate the rHA preparation and are difficult to remove. 

15 One aspect of the invention provides a process for preparing a desired protein 
from yeast, comprising culturing the yeast and obtaining the protein, 
characterised in that the yeast is deficient in heat shock protein 150 (HsplSO). 

The most convenient way of achieving this is to create a yeast which has a 
20 defect in its genome such that a reduced level of the HsplSO protein is 
produced. For example, there may be a deletion, insertion or transposition in 
the coding sequence or the regulatory regions (or in another gene regulating the 
expression of the HsplSO gene) such that little or no HsplSO protein is 
produced. Alternatively, the yeast could be transformed to produce an anti- 
25 HsplSO agent, such as an anti-HsplSO antibody. 

To modify the HSP150 gene so that a reduced level of co-purifying protein is 
produced, site-directed mutagenesis or other known techniques can be employed 
to create single or multiple mutations, such as replacements, insertions, 
30 deletions, and transpositions, as described in Botstein and Shortie, "Strategies 
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and Applications of In Vitro Mutagenesis", Science, 229: 193-210 (1985), 
which is incorporated herein by reference. Suitable mutations include chain 
termination mutations (clearly stop codons introduced near the 3' end might 
have insufficient effect on the gene product to be of benefit; the person skilled 
5 in the art will readily be able to create a mutation in, say, the 5' three quarters 
of the coding sequence), point mutations that alter the reading frame, small to 
large deletions of coding sequence, mutations in the promoter or terminator that 
affect gene expression and mutations that de-stabilize the mRNA, Some 
desirable point mutations or specific amino acid substitutions may affect 
chromatographic behaviour by altering the charge distribution. Hence, the 
protein produced has a similar primary amino acid sequence to that of native 
HsplSO, but is functionally distinct such that it will not co-purify with the 
desired protein. Such a modified protein is not regarded as being HsplSO. 
Specific mutations can be introduced by an extension of 4 the gene disruption 
technique known as gene transplacement (Winston, F. et al (1983) Methods 
Enzymol. 101, 211-228). 

Any polypeptides inserted into the Hspl50 protein should not be, and should 
not create, ligands for the desired protein. Those skilled in the art can readily 
determine, by simple binding assays, whether a ligand has been used or 
created. Generally one uses a selectable marker to disrupt a gene sequence, but 
this need not be the case, particularly if one can detect the disruption event 
phenotypically . In many instances the insertion of the intervening sequence will 
be such that a stop codon is present in frame with the HsplSO sequence and the 
inserted coding sequence is not translated. Alternatively the inserted sequence 
may be in a different reading frame to HsplSO. 

The gene may have one or more portions (optionally including regulatory 
regions, up to the whole gene) excised or inverted, or it may have a portion 
inserted, in order to result either in no production of protein from the HSP150 
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locus or in the production of protein from the HSP150 locus which does not co- 
purify with the desired protein. 

Preferably, the yeast secretes the desired protein, which is then purified from 
5 the fermentation medium. The purification may take place elsewhere; hence, 
production of culture medium, containing desired protein, in which the level of 
HsplSO protein is low or zero is an end in itself. 

A protein is generally regarded as co-purifying with HsplSO if the two are still 
10 associated after two dissimilar chromatographic separation techniques (one of 
which is affinity chromatography for the desired protein) or, if affinity 
chromatography is not used, if the proteins are still associated after three 
dissimilar steps (for example an anion exchange, a cation exchange and a gel 
permeation step). Essentially, the identity of the desired protein is self-defined: 
15 if a person skilled in the art finds that his desired protein is, after an otherwise 
suitable purification process, contaminated with a yeast protein, he can 
determine (using known methods, which are explained in more detail below) 
whether that yeast protein is HsplSO and, if it is, use the yeasts and methods 
of the invention; if the desired protein is not contaminated with HsplSO, then 
20 the need for the present invention will not arise. We have found the process 
of the invention to be particularly applicable to albumins and to other proteins 
which have similar physico-chemical properties to albumins, such that they are 
purified by similar chromatographic techniques. Preferably, the desired protein 
is a human albumin. 

25 

Human serum albumin (HSA) is a protein of 585 amino acids that is present in 
human serum at a concentration of 35-45g L" 1 and represents about 60% of the 
total serum protein. HSA is responsible for a significant proportion of the 
osmotic pressure of serum, and also functions as a carrier of endogenous and 
30 exogenous ligands. It is used clinically in the treatment of patients with severe 
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burns, shock, or blood loss, and at present is produced commercially by 
extraction from human blood. The production of recombinant human albumin 
(rHA) in microorganisms has been disclosed in EP 330 451 and EP 361 991. 

5 The albumin may be a variant of normal HSA/rHA. By "variants" we include 
insertions, deletions and substitutions, either conservative or non-conservative, 
where such changes do not substantially alter the oncotic, useful ligand-binding 
or non-immunogenic properties of albumin. In particular, we include naturally- 
occurring polymorphic variants of human albumin; fragments of human 
10 albumin, for example those fragments disclosed in EP 322 094 (namely HSA 
(1-n), where n is 369 to 419); and fusions of albumin with other proteins, for 
example the kind disclosed in WO 90/13653. 

By "conservative substitutions" is intended swaps within groups such as Gly, 
15 Ala; Val, He, Leu; Asp, Glu; Asn, Gin; Ser, Thr; Lys, Arg; and Phe, Tyr. 

A second main aspect of the invention provides a yeast transformed to express 
a desired protein which will co-purify with Hspl50 in chromatographic 
techniques, characterised in that the yeast is deficient in such HsplSO. 

20 

In addition to the transformed host cells themselves, the present invention also 
contemplates a culture of those cells, preferably a monoclonal (clonally - 
homogeneous) culture, or a culture derived from a monoclonal culture, in a 
nutrient medium. 

25 

The desired protein is produced in conventional ways, for example from a 
coding sequence inserted in the yeast chromosome or on a free plasmid. 



30 



The yeasts are transformed with a coding sequence for the desired protein in 
any of the usual ways, for example electroporation. Methods for 
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transformation of yeast by electroporation are disclosed in Becker & Guarente 
(1990) \ Methods Enzymol 194, 182. 

Successfully transformed cells, ie cells that contain a DNA construct of the 
5 present invention, can be identified by well known techniques. For example, 
cells resulting from the introduction of an expression construct can be grown 
to produce the desired polypeptide. Cells can be harvested and lysed and their 
DNA content examined for the presence of the DNA using a method such as 
that described by Southern (1975) 7. Mol. Biol 98, 503 or Berent et al (1985) 
10 Biotech. 3, 208. Alternatively, the presence of the protein in the supernatant 
can be detected using antibodies. 

Useful yeast plasmid vectors include pRS403-406 and pRS413-416 and are 
generally available from Stratagene Cloning Systems, La Jolla, CA 92037, 
15 USA. Plasmids pRS403, pRS404, pRS405 and pRS406 are Yeast Integrating 
plasmids (Yips) and incorporate the yeast selectable markers HIS3, TRP1, 
LEU2 and URA3. Plasmids pRS413-416 are Yeast Centromere plasmids 
(YCps). 

20 A variety of methods have been developed to operably link DNA to vectors via 
complementary cohesive termini. For instance, complementary homopolymer 
tracts can be added to the DNA segment to be inserted to the vector DNA. 
The vector and DNA segment are then joined by hydrogen bonding between the 
complementary homopolymeric tails to form recombinant DNA molecules. 

25 

Synthetic linkers containing one or more restriction sites provide an alternative 
method of joining the DNA segment to vectors. The DNA segment, generated 
by endonuclease restriction digestion as described earlier, is treated with 
bacteriophage T4 DNA polymerase or E. coli DNA polymerase I, enzymes that 
30 remove protruding, 3 '-single-stranded termini with their 3'-5 / -exonucleolytic 
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activities, and fill in recessed 3 '-ends with their polymerizing activities. 

The combination of these activities therefore generates blunt-ended DNA 
segments. The blunt-ended segments are then incubated with a large molar 
5 excess of linker molecules in the presence of an enzyme that is able to catalyze 
the ligation of blunt-ended DNA molecules, such as bacteriophage T4 DNA 
ligase. Thus, the products of the reaction are DNA segments carrying 
polymeric linker sequences at their ends. These DNA segments are then 
cleaved with the appropriate restriction enzyme and ligated to an expression 
10 vector that has been cleaved with an enzyme that produces termini compatible 
with those of the DNA segment. 

Synthetic linkers containing a variety of restriction endonuclease sites are 
commercially available from a number of sources including International 
15 Biotechnologies Inc, New Haven, CN, USA. 

A desirable way to modify the DNA in accordance with the invention is to use 
the polymerase chain reaction as disclosed by Saiki et al (1988) Science 239, 
487-491. In this method the DNA to be enzymatically amplified is flanked by 
20 two specific oligonucleotide primers which themselves become incorporated 
into the amplified DNA. The said specific primers may contain restriction 
endonuclease recognition sites which can be used for cloning into expression 
vectors using methods known in the art. 

25 Any yeast which produces an Hspl50 protein can be modified in accordance 
with the invention. Exemplary genera of yeast contemplated to be useful in the 
practice of the present invention are Pichia (Hansenula), Sacckaromyces, 
Kluyveromyces, Candida, Torulopsis, Torulaspora, Schizosaccharomyces, 
Citeromyces, Pachysolen, Debaromyces, Metschunikowia, Rhodosporidium, 

30 Leucosporidium, Botryoascus, Sporidiobolus, Endomycopsis, and the like. 



WO 95/33833 PCT7GB95/01317 

10 

Preferred genera are those selected from the group consisting of 
Saccharomyces, Schizosaccharomyces, Kluyveromyces, and Torulaspora. 
Examples of Saccharomyces spp. are S. cerevisiae, S. italicus and S. rouxii. 
Examples of Kluyveromyces spp. are K. fragilis, K. lactis and K. marxianus. 
5 A suitable Torulaspora species is T. delbrueckii. Examples of Pichia 
(Hansenula) spp. are P. angusta (formerly H. polymorpha), P. anomala 
(formerly & anomala) and P. pastoris. 

Homologues of HSP150 have already been shown to be present in a wide range 
10 of different yeast genera: Torulaspora sp . , Kluyveromyces sp. , 
Schizosaccharomyces sp. and Zygosaccharomyces sp. (Russoera/, 1992; Toh-e 
et al 9 1993). In addition, our own studies have shown by Southern blotting that 
Pichia sp. possess a homologue of HSP150. 

15 Methods for the transformation of S. cerevisiae are taught generally in EP 251 
744, EP 258 067 and WO 90/01063, all of which are incorporated herein by 
reference. 

Suitable promoters for 5. cerevisiae include those associated with the PGK1 
20 gene, GAL1 or GAL10 genes, CYC1, PH05, TRP1, ADH1 9 ADH2, the genes 
for glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate 
decarboxylase, phosphofructokinase, triose phosphate isomerase, 
phosphoglucose isomerase, glucokinase, a-mating factor pheromone, a-mating 
factor pheromone, the PRBJ promoter, the GUT2 promoter, the GPD1 
25 promoter, and hybrid promoters involving hybrids of parts of 5' regulatory 
regions with parts of 5' regulatory regions of other promoters or with upstream 
activation sites (eg the promoter of EP-A-258 067). 

Convenient regulatable promoters for use in Schizosaccharomyces pombe are 
30 the thiamine-repressible promoter from the nmt gene as described by Maundrell 
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(1990)/. Biol. Chem. 265, 10857-10864 and the glucose-repressiblejfc/?7 gene 
promoter as described by Hoffman & Winston (1990) Genetics 124, 807-816. 

Methods of transforming Pichia for expression of foreign genes are taught in, 
5 for example, Cregg et al (1993), and various Phillips patents (eg US 4 857 
467, incorporated herein by reference), and Pichia expression kits are 
commercially available from Invitrogen BV, Leek, Netherlands, and Invitrogen 
Corp., San Diego, California. Suitable promoters include A OX1 andAOX2. 

10 The Gellissen et al (1992) paper mentioned above and Gleeson et al (1986) J. 
Gen. Microbiol. 132, 3459-3465 include information on Hansenula vectors and 
transformation, suitable promoters being MOX1 and FMD1; whilst EP 361 991 , 
Fleer et al (1991) and other publications from Rhone-Poulenc Rorer teach how 
to express foreign proteins in Kluyveromyces spp., a suitable promoter being 

15 PGK1. 

The transcription termination signal is preferably the 3' flanking sequence of 
a eukaryotic gene which contains proper signals for transcription termination 
and polyadenylation. Suitable 3' flanking sequences may, for example, be 
20 those of the gene naturally linked to the expression control sequence used, ie 
may correspond to the promoter. Alternatively, they may be different in which 
case the termination signal of the S. cerevisiae ADH1 gene is preferred. 

The desired protein may be initially expressed with a secretion leader sequence, 
25 which may be any leader effective in the yeast chosen. Leaders useful in S. 
cerevisiae include that from the mating factor a polypeptide (MFa-1) and the 
hybrid leaders of EP-A-387 319. Such leaders (or signals) are cleaved by the 
yeast before the mature albumin is released into the surrounding medium. 
Further such leaders include those of S. cerevisiae invertase (SUC2) disclosed 
30 in JP 62-096086 (granted as 91/036516), acid phosphatase (PHOS), the pre- 
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sequence of MFa-1, j3-glucanase (BGL2) and killer toxin; £ diastaticus 
glucoamylase II; S. carlsbergensis a-galactosidase (MEL1); K. lactis killer 
toxin; and Candida glucoamylase. 

5 Detailed Description of the Invention 

Preferred aspects of the invention will now be described in more detail, with 
reference to the accompanying drawings, in which 

10 Figure 1 is a scheme showing the preparation of an EcoRI HSP150-URA3- 
HSP150 fragment used to transform a yeast strain (DBU3) and disrupt the 
HSP150 gene (Example 1); and 

Figure 2 is a scheme showing the preparation of a further EcoRI fragment used 
15 to remove the HSP150 coding sequence altogether (Example 2). 

All standard recombinant DNA procedures are as described in Sambrook et al 
(1989) unless otherwise stated. The DNA sequences encoding rHA are derived 
from the cDNA disclosed in EP 201 239. 

20 

Example 1 

The HSP150 gene was mutated by the process of gene disruption (Rothstein, 
1983) which effectively deleted part of the HSP150 coding sequence, thereby 
25 preventing the production of HsplSO. 

Four oligonucleotides suitable for the PCR amplification of the 5' and 3' ends 
of the HSP150 gene (Russo et al 9 1992) were synthesized using an Applied 
Biosy stems 380B Oligonucleotide Synthesizer, 

30 
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5' End 

LRE45: 5 ' -CTATTTCCTATTTCGGGAATTCTTAAAGACAAAAAAGCTC-3 ' 

LRE46: 5 ' -ggctgtggtgctgcagatgatgcgctgg-3 ' 
5 3' End 

LRE47: 5 ' -GCTACTTCCGCTTCTGCAGCCGCTACCTCC-3 ' 

LRE48: 5 ' -gccgtgtagcgagggaattctgtggtcacgatcactcg-3 ' 

Note, LRE45 and LRE48 contain changes in the HSP150 gene sequence so as 
10 to introduce EcdRI sites into the 5' or the 3' end of the HSP150 gene PCR 
products. LRE46 and LRE47 both contain Pst I sites naturally present in die 
HSP150 gene sequence (SEQ 1). 

PCR was carried out to amplify individually the 5' and 3' ends of the HSP150 
15 gene, using LRE45 and LRE46 or LRE47 and LRE48 respectively, from the 
DNA from S. cerevisiae genomic DNA (Clontech Laboratories, Inc.). 

Conditions were as follows: lftg/ml genomic DNA, = 1.2xl0~ 10 moles of each 
primer, denature at 94°C for 61 seconds, anneal at 37 P C for 121 seconds, 

20 DNA synthesis at 72°C for 181 seconds for 30 cycles, with a 10 second 
extension to the DNA synthesis step after each cycle, followed by a 4°C soak. 
PCR was carried out using a Perkin-Elmer-Cctus Thermal cycler and a Perkin- 
Elmer-Cetus PCR kit was used according to the manufacturer's 
recommendations. PCR products were analysed by gel electrophoresis and 

25 were found to be of the expected size. Each PCR product was digested with 
EcdBl and Pstl and cloned into EcoRl/PstI digested pUC19 (Yanisch-Perron et 
al, 1985) to form pAYE503 (containing the 5' end of the HSP150 gene) and 
pAYE504 (containing the 3 f end of the HSP150 gene) (see Fig. 1). 

30 Plasmid DNA sequencing was carried out on pAYE503 and pAYE504 to 
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confirm that the inserts were the desired sequences. pAYE503 and pAYE504 
were digested with EcoKL and Hindlll and the HSP150 gene fragments were 
isolated and cloned together into pUC19XH (a derivative of pUC19 lacking a 
HindUl site in its polyiinker) to form pAYE505. The URA3 gene was isolated 
5 from YEp24 (Botstein et al, 1979) as a Hindlll fragment and cloned into the 
Hindlll site of pAYE505 to form pAYE506 (Fig. 1). pAYE506 contains a 
selectable marker (URA3) flanked by 5' and 3' regions of the HSP150 gene. 

To construct a strain lacking the capacity to produce HSP150, a ura3 derivative 
10 of DB1 cir° pAYE316 (Sleep et al 9 1991) was obtained by random chemical 
mutagenesis and selection for resistance to 5-fluoro-orotic acid (Boeke et al, 
1987). Plasmid pAYE316 is based on the 2 fim plasmid and contains a coding 
sequence for human albumin under the control of the yeast PKB1 promoter, 
with an ADH1 terminator and a LEU2 selectable marker. 

15 

The strain was grown overnight in lOOmL buffered minimal medium (Yeast 
Nitrogen Base [without amino acids, without ammonium sulphate, DifcoJ, 
(NH 4 ) 2 SO, 5g/L, citric acid monohydrate 6.09g/L, NaHP0 4 20.16g/L, sucrose 
20g/L, pH6.5) and the cells were collected by centrifiigation and then washed 

20 once with sterile water. The cells were then resuspended in lOmL sterile water 
and 2mL aliquots were placed in separate 15mL Falcon tubes. A 5mg/mL 
solution of N-methyl-N'-nitro-N-nitrosoguanidine (NTG) was then added to the 
tubes as follows: 0/zL, 20^L, 40/*L, 80/iL or 160/iL. The cells were then 
incubated at 30°C for 20 min and then centriftiged and washed three times with 

25 sterile water. Finally, the cells were resuspended in lmL YEP (1% W / V yeast 
extract, 2% w / v Bacto peptone) and stored at 4°C. The percentage of cells that 
survived the mutagenic treatment was determined by spreading dilutions of the 
samples on YEP plates containing 2% w / v sucrose and incubating at 30°C for 3 
days. Cells from the treatment which gave approximately 50% survival were 

30 grown on YEP plates containing 2% w / v sucrose and then replica-plated onto 
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YNB minimal medium containing 2% w / v sucrose and supplemented with 5- 
fiuoro-orotic acid (Img/mL) and uracil (50ptg/mL). Colonies able to grow on 
this medium were purified, tested to verify that they were unable to grow in the 
absence of uracil supplementation and that this defect could be corrected by 
5 introduction of the URA3 gene by transformation. 

The ura3 strain, DBU3 cir° (pAYE316), was transformed with EcdBl digested 
pAYE506 and Ura + transformants were selected. The disruption of the 
HSP150 gene in these transformants was confirmed by Southern blot analysis 
10 using a fragment comprising the 5' and 3/ ends of the HSP150 gene (the EcoKI 
fragment from pAYE505) as a probe. 

The yeast was then grown to high cell density by fed batch culture in minimal 
medium in a fermenter (Collins, 1990). Briefly, a fermenter of 10L working 

15 volume was filled to 5L with an initial batch medium containing 50 mL/L of 
a concentrated salts mixture (Table 1), 10 mL/L of a trace elements solution 
(Table 2), 50 mL/L of a vitamins mixture (Table 3) and 20 g/L sucrose. An 
equal volume of feed medium containing 100 mL/L of the salts mixture, 20 
mL/L of the trace elements mixture, 100 mL/L of vitamins solution and 500 

20 g/L sucrose was held in a separate reservoir connected to the fermenter by a 
metering pump. The pH was maintained at 5.7 ± 0.2 by the automatic 
addition of ammonium hydroxide or sulphuric acid, and the temperature was 
maintained at 30°C. The stirrer speed was adjusted to give a dissolved oxygen 
tension of >20% air saturation at 1 v/v/min air flow rate. 
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Table 1. Salts Mixture 



10 



[ Chemical 


Concentration (g/L) 


1 KH 2 P0 4 


114.0 


MgS0 4 


12.0 


CaCl 2 .6H 2 0 


3.0 


NajEDTA 


2.0 


Table 2. Trace Elements Solution 


Chemical 


Concentration (g/L) 1 


ZnS0 4 .7H 2 0 


3.0 


FeS0 4 .7H 2 0 


10.0 


MnS0 4 .4H 2 0 


3.2 


CuS0 4 .5H 2 0 


0.079 


H 3 B0 3 


1-5 


1 m 


0.2 


Na 2 Mo0 4 .2H 2 0 


0.5 


CoCl 2 .6H 2 0 


0.56 


1 H 3 P0 4 


75mL/L 


Table 3. Vitamins Solution 


Chemical 


Concentration (g/L) j| 


Ca pantothenate 


1.6 


Nicotinic acid 


1.2 


/w-inositol 


12.8 


Thiamine HC1 


0.32 


Pyridoxine HC1 


0.8 


Biotin 


0.008 
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The fermenter was inoculated with 100 mL of an overnight culture of S. 
cerevisiae grown in buffered minimal medium (Yeast nitrogen base [without 
amino acids, without ammonium sulphate, Difco] 1.7 g/L, (NH 4 ) 2 S0 4 5 g/L, 
citric acid monohydrate 6.09 g/L, Na 2 HP0 4 20.16 g/L, sucrose 20 g/L, 
5 pH6.5). The initial batch fermentation proceeded until the carbon source had 
been consumed, at which point the metering pump was switched on and the 
addition of feed was computer controlled (the micro MFCS system, B. Braun, 
Melsungen, Germany) using an algorithm based on that developed by Wang et 
al (1979). A mass spectrometer was used in conjunction with the computer 
10 control system to monitor the off gases from the fermentation and to control the 
addition of feed to maintain a set growth rate (eg 0.1 h" 1 )- Maximum 
conversion of carbon substrate into biomass is achieved by maintaining the 
respiratory coefficient below 1.2 (Collins, 1990) and, by this means, cell 
densities of approximately 100 g/L cell dry weight can be achieved. 

The fermentation broth was centrifuged to remove the cells and then subjected 
to affinity chromatographic purification as follows. The culture supernatant 
was passed through a Cibacron Blue F3GA Sepharose column (Pharmacia) 
which was then washed with 0. 1M phosphate glycine buffer, pH8.0. The rHA 
20 was then eluted from the column with 2M NaCl, 0.1M phosphate glycine, 
pH8.0. The albumin may alternatively be purified from the culture medium by 
any of the variety of known techniques for purifying albumin from serum or 
fermentation culture medium, for example those disclosed in WO 92/04367, 
Maurel et al (1989), Curling (1980) and EP 524 681. 

25 

Analysis of rHA purified from HsplSO strains revealed that no HSP150 protein 
was present in these samples. HSP150 protein is determined using prior art 
techniques such as ELISA or Western blotting. 

30 Anti-HSP150 antibodies are disclosed in Russo et al (1992) Proc. Nat. Acad. 
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Sci. (USA) 89, 3671-3675. 
Example 2 

5 The HSP150 protein coding sequence was deleted by using alternative 
fragments of the cloned HSP150 sequences as follows. 

The URA3 HindllL fragment from YEp24 (see Example 1) was cloned into 
pIC19R (Marsh JX. et al (1984) Gene 32, 481-485) at ffi/idffl to form 

10 pAYE601 and then excised as a SaWClal fragment and inserted into pAYE505 
at the Xhol and Clal sites to form pAYE602 (Fig 2). This plasmid was 
digested with EcdSl and then used to transform DBU3 cir° (pAYE316), 
selecting for Ura + transformants. The disruption of the HSP150 gene in these 
transformants was confirmed by Southern blot analysis as described in Example 

15 1. 

Thus, in this example, the whole of the HSP150 coding sequence is removed, 
whereas in Example 1 the sequence is disrupted to yield non-functional protein. 

20 Example 3 

Southern blotting has revealed an Hspl50 homologue in Hansenula polymorpha 
(now called Pichia angusta). The P. angusta gene may be functionally deleted 
by ways analogous to those in Examples 1 and 2. 

25 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Delta Biotechnology Limited 

(B) STREET: Castle Court, Castle Boulevard 

(C) CITY: Nottingham 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE (ZIP): NG7 1FD 

(ii) TITLE OF INVENTION: Yeast Strains 

(iii) NUMBER OF SEQUENCES: 6 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 (EPO) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: GB 9411356.0 

(B) FILING DATE: 07-JUN-1994 



(2) INFORMATION FOR SEQ ID NO: I: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 



(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 1..40 

(D) OTHER INFORMATION: /note= "Oligonucleotide for PCR 
amplification of 5' end of Hspl50 gene. " 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CTATTTCCTA TTTCGGG AAT TCTTAAAGAC AAAAAAGCTC 
40 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 



(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 1..28 

(D) OTHER INFORMATION: /note= "Oligonucleotide for PCR 
amplification of the 5' end of the HsplSO gene." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

GGCTGTGGTG CTGCAGATGA TGCGCTGG 
28 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
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(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 1..30 

(D) OTHER INFORMATION: /note= "Oligonucleotide for PCR 
amplification of 3' end of the Hspl50 gene." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GCTACTTCCG CTTCTGCAGC CGCTACCTCC 
30 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 



(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 1..38 

(D) OTHER INFORMATION: /note= "Oligonucleotide for PCR 
amplification of the 3' end of the HsplSO gene." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GCCGTGTAGC GAGGGAATTC TGTGGTCACG ATCACTCG 
38 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2048 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Saccharomyces cerevisiae 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 397.. 1638 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

AGTGATCTTA CTATTTC CTA TTTCGGAAAT TATTAAAGAC 
AAAAAAGCTC ATTAATGGCT 60 

TTCCGTCTGT AGTGATAAGT CGCCAACTCA GCCTAATTTT 
TCATTTCTTT ACCAGATCAG 120 

GAAAACTAAT AGTACAAATG AGTGTTTTCT CAAGCGGAAC 
ACCACATTTT GAGCTAAATT 180 

TAGATTTTGG TCAAAATAAG AAAGATCCTA AAAAAGGAAT 
GGTTGGTGAA AAATTTATTA 240 

GCTTGAATGG TAGGAATCCT C GAG AT AT A A AAGGAACACT 
TGAAGTCTAA CGACAATCAA 300 

TTTCGATTAT GTCCTTCCTT TTACCTCAAA GCTCAAAAAA 
ATATCAATAA GAAACTCATA 360 

TTCCTTTTCT AACCCTAGTA CAATAATAAT AATATA ATG CAA 
TAC AAA AAG ACT 414 

Met Gin Tyr Lys Lys Thr 
1 5 

TTG GTT GCC TCT GCT TTG GCC GCT ACT ACA TTG GCC GCC 
TAT GCT CCA 462 

Leu Val Ala Ser Ala Leu Ala Ala Thr Thr Leu Ala Ala Tyr Ala Pro 
10 15 20 

TCT GAG CCT TGG TCC ACT TTG ACT CCA ACA GCC ACT TAC 
AGC GGT GGT 510 



WO 95/33833 



PCT/GB95/01317 



25 

Ser Glu Pro Tip Ser Thr Leu Thr Pro Thr Ala Thr Tyr Ser Gly- Gly 
25 1 30 35 

GTT ACC GAC TAC GCT TCC ACC TTC GGT ATT GCC GTT CAA 
CCA ATC TCC 558 

Val Thr Asp Tyr Ala Ser Thr Phe Gly He Ala Val Gin Pro He Ser 
40 * 45 50 

ACT ACA TCC AGC GCA TCA TCT GCA GCC ACC ACA GCC TCA 
TCT AAG GCC 606 

Thr Thr Ser Ser Ala Ser Ser Ala Ala Thr Thr Ala Ser Ser Lys Ala 
55 60 65 70 

AAG AGA GCT GCT TCC CAA ATT GGT GAT GGT CAA GTC CAA 
GCT GCT ACC 654 

Lys Arg Ala Ala Ser Gin He Gly Asp Gly Gin Val Gin Ala Ala Thr 
75 80 85 

ACT ACT GCT TCT GTC TCT ACC AAG AGT ACC GCT GCC GCC 
GTT TCT CAG 702 

Thr Thr Ala Ser Val Ser Thr Lys Ser Thr Ala Ala Ala Val Ser Gin 
90 95 ' 100 

ATC GGT GAT GGT CAA ATC CAA GCT ACT ACT AAG ACT ACC 
GCT GCT GCT 750 

He Gly Asp Gly Gin ne Gin Ala Thr Thr Lys Thr Thr Ala Ala Ala 
105 * 110 115 

GTC TCT CAA ATT GGT GAT GGT CAA ATT CAA GCT ACC ACC 
AAG ACT ACC 798 

Val Ser Gin He Gly Asp Gly Gin He Gin Ala Thr Thr Lys Thr Thr 
120 125 130 

TCT GCT AAG ACT ACC GCC GCT GCC GTT TCT CAA ATC AGT 
GAT GGT CAA 846 

Ser Ala Lys Thr Thr Ala Ala Ala Val Ser Gin He Ser Asp Gly Gin 
135 140 145 150 

ATC CAA GCT ACC ACC ACT ACT TTA GCC CCA AAG AGC ACC 
GCT GCT GCC 894 

He Gin Ala Thr Thr Thr Thr Leu Ala Pro Lys Ser Thr Ala Ala Ala 
155 160 165 

GTT TCT CAA ATC GGT GAT GGT CAA GTT CAA GCT ACC ACC 
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ACT ACT TTA 942 

Val Ser Gin He Gly Asp Gly Gin Val Gin Ala Thr Thr Thr Thr Leu 
170 " 175 180 

GCC CCA AAG AGC ACC GCT GCT GCC GTT TCT CAA ATC GGT 
GAT GGT CAA 990 

Ala Pro Lys Ser Thr Ala Ala Ala Val Ser Gin lie Gly Asp Gly Gin 
185 190 195 

GTT CAA GCT ACT ACT AAG ACT ACC GCT GCT GCT GTC TTT 
CAA ATT GGT 1038 

Val Gin Ala Thr Thr Lys Thr Thr Ala Ala Ala Val Phe Gin He Gly 
200 205 210 

GAT GGT CAA GTT CTT GCT ACC ACC AAG ACT ACT CGT GCC 
GCC GTT TCT 1086 

Asp Gly Gin Val Leu Ala Thr Thr Lys Thr Thr Arg Ala Ala Val Ser 
215 220 225 230 

CAA ATC GGT GAT GGT CAA GTT CAA GCT ACT ACC AAG ACT 
ACC GCT GCT 1134 

Gin He Gly Asp Gly Gin Val Gin Ala Thr Thr Lys Thr Thr Ala Ala 
235 240 245 

GCT GTC TCT CAA ATC GGT GAT GGT CAA GTT CAA GCA ACT 
ACC AAA ACC 1182 

Ala Val Ser Gin He Gly Asp Gly Gin Val Gin Ala Thr Thr Lys Thr 
250 255 " 260 

ACT GCC GCA GCT GTT TCC CAA ATT ACT GAC GGT CAA GTT 
CAA GCC ACT 1230 

Thr Ala Ala Ala Val Ser Gin He Thr Asp Gly Gin Val Gin Ala Thr 
265 270 275 

ACA AAA ACC ACT CAA GCA GCC AGC CAA GTA AGC GAT GGC 
CAA GTC CAA 1278 

Thr Lys Thr Thr Gin Ala Ala Ser Gin Val Ser Asp Gly Gin Val Gin 
280 285 290 

GCT ACT ACT GCT ACT TCC GCT TCT GCA GCC GCT ACC TCC 
ACT GAC CCA 1326 

Ala Thr Thr Ala Thr Ser Ala Ser Ala Ala Ala Thr Ser Thr Asp Pro 
295 300 305 310 



WO 95/33833 



PCT/GB95/01317 



27 

GTC GAT GCT GTC TCC TGT AAG ACT TCT GGT ACC TTA GAA 
ATG AAC TTA 1374 

Val Asp Ala Val Ser Cys Lys Thr Ser Gly Thr Leu Glu Met Asn Leu 
315 * 320 325 

AAG GGC GGT ATC TTA ACT GAC GGT AAG GGT AGA ATT GGT 
TCT ATT GTT 1422 

Lys Gly Gly He Leu Thr Asp Gly Lys Gly Arg lie Gly Ser He Val 
330 335 340 

GCT AAC AGA CAA TTC CAA TTT GAC GGT CCA CCA CCA CAA 
GCT GGT GCC 1470 

Ala Asn Arg Gin Phe Gin Phe Asp Gly Pro Pro Pro Gin Ala Gly Ala 
345 350 355 

ATC TAC GCT GCT GGT TGG TCT ATA ACT CCA GAC GGT AAC 
TTG GCT ATT 1518 

He Tyr Ala Ala Gly Trp Ser He Thr Pro Asp Gly Asn Leu Ala He 
360 365 370 

GGT GAC A AT GAT GTC TTC TAC CAA TGT TTG TCC GGT ACT 
TTC TAC AAC 1566 

Gly Asp Asn Asp Val Phe Tyr Gin Cys Leu Ser Gly Thr Phe Tyr Asn 
375 380 385 390 

TTG TAC GAC GAA CAC ATT GGT AGT CAA TGT ACT CCA GTC 
CAC TTG GAA 1614 

Leu Tyr Asp Glu His lie Gly Ser Gin Cys Thr Pro Val His Leu Glu 
395 400 405 

GCT ATC GAT TTG ATA GAC TGT TAAGCAGAAA ACTATTAGTT 
CTTTTATCCT 1665 
Ala ne Asp Leu He Asp Cys 
410 

GATGACTTTT TCTCATTTGC ATTGATTAGA AAGGAAAAAA 
AGAAGTGTCC TTTTCTACTA 1725 

CTACTCTAGT CGCATCCATT CCTTTGCATT TATCTTTTCT 
GCGGTTGGCC AATCCATTCT 1785 

TCCGAGAATT TGGCTAGCCA TACTTGATGT TTTCCCATTA 
TTGGTTCGTT TGGCAATGCT 1845 
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AATTTTCTTA ATTGCCCCTT ATATACTCTT CCATAAAATG 
TTTTTTTTAT AACTAATTTT 1905 

CTGTATATCA TTATCTAATA ATCTTATAAA ATGTTAAAAA 
GACTTGGAAA GCAACGAGTG 1965 

ATCGTGACCA CATAATTGCC TCGCTACACG GCAAAAATAA 
GCCAGTCCTA ATGTGTATAT 2025 

TAAAGGCTGC ATGTGGCTAC GTC 
2048 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 413 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Gin Tyr Lys Lys Thr Leu Val Ala Ser Ala Leu Ala Ala Thr Thr 
1 5 10 15 

Leu Ala Ala Tyr Ala Pro Ser Glu Pro Tip Ser Thr Leu Thr Pro Thr 
20 " 25 30 

Ala Thr Tyr Ser Gly Gly Val Thr Asp Tyr Ala Ser Thr Phe Gly lie 
35 40 45 

Ala Val Gin Pro He Ser Thr Thr Ser Ser Ala Ser Ser Ala Ala Thr 
50 55 60 

Thr Ala Ser Ser Lys Ala Lys Arg Ala Ala Ser Gin He Gly Asp Gly 
65 70 75 80 

Gin Val Gin Ala Ala Thr Thr Thr Ala Ser Val Ser Thr Lys Ser Thr 
85 90 95 

Ala Ala Ala Val Ser Gin He Gly Asp Gly Gin He Gin Ala Thr Thr 
100 105 110 
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Lys Thr Thr Ala Ala Ala Val Ser Gin He Gly Asp Gly Gin He Gin 
115 120 125 

Ala Thr Thr Lys Thr Thr Ser Ala Lys Thr Thr Ala Ala Ala Val Ser 
130 135 140 

Gin He Ser Asp Gly Gin He Gin Ala Thr Thr Thr Thr Leu Ala Pro 
145 150 155 160 

Lys Ser Thr Ala Ala Ala Val Ser Gin He Gly Asp Gly Gin Val Gin 
165 170 175 

Ala Thr Thr Thr Thr Leu Ala Pro Lys Ser Thr Ala Ala Ala Val Ser 
180 185 190 

Gin He Gly Asp Gly Gin Val Gin Ala Thr Thr Lys Thr Thr Ala Ala 
195 200 205 

Ala Val Phe Gin He Gly Asp Gly Gin Val Leu Ala Thr Thr Lys Thr 
210 215 220 

Thr Arg Ala Ala Val Ser Gin He Gly Asp Gly Gin Val Gin Ala Thr 
225 230 235 240 

Thr Lys Thr Thr Ala Ala Ala Val Ser Gin He Gly Asp Gly Gin Val 
245 250 255 

Gin Ala Thr Thr Lys Thr Thr Ala Ala Ala Val Ser Gin He Thr Asp 
260 265 270 

Gly Gin Val Gin Ala Thr Thr Lys Thr Thr Gin Ala Ala Ser Gin Val 
275 280 285 

Ser Asp Gly Gin Val Gin Ala Thr Thr Ala Thr Ser Ala Ser Ala Ala 
290 295 300 

Ala Thr Ser Thr Asp Pro Val Asp Ala Val Ser Cys Lys Thr Ser Gly 
305 310 315 320 

Thr Leu Glu Met Asn Leu Lys Gly Gly He Leu Thr Asp Gly Lys Gly 
325 330 335 

Arg He Gly Ser He Val Ala Asn Arg Gin Phe Gin Phe Asp Gly Pro 
340 345 350 
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Pro Pro Gin Ala Gly Ala He Tyr Ala Ala Gly Tip Ser lie Thr Pro 
355 360 365 

Asp Gly Asn Leu Ala He Gly Asp Asn Asp Val Phe Tyr Gin Cys Leu 
370 375 380 

Ser Gly Thr Phe Tyr Asn Leu Tyr Asp Glu His He Gly Ser Gin Cys 
385 390 395 400 

Thr Pro Val His Leu Glu Ala He Asp Leu He Asp Cys 
405 410 
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CLAIMS 

1. A process for preparing a desired protein from yeast, comprising 
culturing the yeast and obtaining the desired protein, characterised in 

5 that the yeast is deficient in heat shock protein 150 (Hspl50). 

2. A process according to Claim 1 wherein the yeast has a defect in its 
genome such that a reduced level of the HsplSO protein is produced. 

10 3. A process according to Claim 2 wherein substantially no HsplSO protein 
is produced. 

4. A process according to any one of the preceding claims wherein the 
desired protein is an albumin. 

15 

5. A process according to Claim 4 wherein the desired protein is a human 
albumin. 

6. A process according to any one of the preceding claims wherein the 
20 yeast is a Torulaspora, Kluyveromyces, Schizosaccharomyces, Pichia or 

Saccharomyces species. 

7. A process according to Claim 6 wherein the yeast is 5. cerevisiae. 

25 8. A process according to any one of the preceding claims wherein the 
desired protein is secreted from the yeast into the surrounding medium 
and purified therefrom. 



30 



9. 



A protein prepared by a process according to any one of the preceding 
claims. 
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10. A culture medium containing a desired protein and prepared by a 
process according to any one of Claims 1 to 7. 

11. A yeast transformed to express a desired protein which will co-purify 
5 with HsplSO in chromatographic techniques, characterised in that the 

yeast is deficient in HsplSO. 

12. A yeast according to Claim 11 wherein the yeast has a defect in its 
genome such that a reduced level of the HsplSO protein is produced. 

10 

13. A yeast according to Claim 11 wherein substantially no HsplSO protein 
is produced by the yeast. 

14. A yeast according to any one of Claims 11 to 13 wherein the desired 
IS protein is an albumin. 

15. A yeast according to Claim 14 wherein the desired protein is a human 
albumin. 

20 16. A yeast according to any one of Claims 11 to 15 wherein the yeast is 
Torulaspora, Kluyveromyces, Schizosaccharomyces or Saccharomyces 
species. 



25 



17. A yeast according to Claim 16 wherein the yeast is S. cerevisiae. 

18. A yeast according to any one of Claims 11 to 17 wherein the yeast is 
transformed with a DNA construct such that the desired protein is 
secreted from the yeast during culturing thereof. 



30 19. 



A method of preparing a yeast according to any one of Claims 11 to 18 
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comprising the steps of 

(i) transforming the yeast with a coding sequence for expression of 
the desired protein, and 

5 

(ii) disrupting the genome of the yeast such that the yeast has an 
abnormally low level of HsplSO, 



wherein steps (i) and (ii) may be carried out in either order or 
1 0 simultaneously . 
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Figure 1 
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Figure 1 cont'd 
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5. 1***1 2|zE»©DNA e 
[»**143 E5d#*5l=a%**l*7'Sy»E?a. 
fc«>^l4*©E5l]lcfeL%X^tt < 1 8 0%©*fBI14£ 
*-r£«fc5l=1«J2Lt©7Sy6fe&<*ife, SSI, ffAS 
tf/XI4tt»4*vfcrsyHE«**U fro:7a^7 
— tfJSttt*-r**>S54f- *-fS?=#S*©^Dx-f 50 



2 

■J— gBXI4-t©SI#*. 

[It** 1 5 3 ft** 1 4 icEK©* > S?$f • tf-r v 
=#S*©^a-r-f -J— -tfBX<4-t©BMH**a- 
5DNA. 

[1***1 63 E*l»#61=*4*i**«Eai£*r 
■5. 19**1 5 icEtE© DNA. 

[91**173 E«»4C***l«7Sy||SJI^ 
6<C*. *>5?4T. 7f?-f J?=jaE^at«ft- 4fA©» 

[1***183 *>5?4T -7|?-fi?-SK7 4 1«c. 
[§1**193 •jR-fi?rSK7 4 1**. 

* t ^ c * 3 - pf sae^^t?**^* $ — -c 

>C*HiDrt-*Ct**t?, iJT^*»C©»3S*a. 
[**©B*«ttW3 
[000 13 

- (Candida boidinii) ©:7pt-7— tfiUST-. S^P 
f7- tfafi^*alt*LfcDNAe#f **>S55T • iK 

JWf >/<^*©«it3*l=Br*. C©A>2?^-7R'f 
fc. ##&EI4. a >s?$r 

BE^^^^T K**|ffi*-«JM* >/<**©#»* 

ax, xtfK#»aaiS£m^***>/<*Jt©«» 
ai=a-f*. 
[00023 

[* *©affi3 > 2 y -;m itimm±> m i? 
-14, smf. aa* >/<**»a*©**i<ca££ ur 
gB***ir#fco y*/-;i4t1t«ai=#&-4-<&7Ji'=i 
— JUj-#S>4r— -if. vt h*P*->7-tz h>->>*—- fe\ 

;?lfcK*Xl**I4 jt * > - A*ttTTflH|-i-* t , 

±***is **i&©ae*©a*a**m*fcaaae 

^©SSa^SfctfW&^ih.TU* (HITS- 3 4 4 8 9 
5#^#. .BUK^MffWO 97/1 0345f» , 

T**-T*»*» SMJIE*A«****©^Ot7— bi=- 
*©££*#** U *fc*>/<^K*Mi**«) 

[00033 ae ; f-iia^si^.a[c<fcor±*$tt-5ie*i 

*K*«*-r*?n^7-tf£tt*MM-**5fciMI 
Op H*H»f *ci:l=*y^n^7-*t^JB*B»-r 
19$ wWKMt *«£»«©*»=»»*#* 
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[0 0 0 4] — 2j» 8H5S accharomyces 
cerevisiae, Pichia pastori 

y. »f*rtaim#n*^/^jt***itin**fct^ 

50!lJit5S*;h.Tl*<5 (^§¥6-5 06 1 1 7#^#g % 
We is, H. M. &. FEBS Lett. , .3J7_ 
J7_, 45 1 (1 995) t Inoue, K. &. Pla 
nt Cell Physiol.. _3_8_ (3) , 3 6 10 
6 (1 9 9 7) ) „ 

[0 0 0 5] Zfa^^-t—^zARlf^a'r^-)— HfBIt 
j«B&lcB«-r-5^n J f7'— t£T% **l**lPEP4Jte 

prb'i jtfi'WzJi-sTa— KSJirivS. ess 

accharomyces cerevisiae (7)Sf 

Kr=**Ltf. ^a-r-f-*— tfAStf^nf-ft- tfBtt 
£ fl- S * jmR* ?y $f — tf Y fc if OM (D?Pf 

T— t? £j£te<fr*"* (vandenHazel, H. 
B. £>, YEAST, 1 2 , 1 (1 9 9 6) ) . tC5 

SHU *>/<^«**»*js«>*fc»i=^PT7'— 

ffl l^-S ^ £ 1=0 I^T lt± < ft & flT L\£j&\ o fc 

■f *3«PlBI«i»*<*ofc. 
[0006] Saccharomyces cerev 
isiae-^Pichia pastor i st^l>5 

tmmmifim& ^-c c t \tmw> \z.#m z *u* . <*© 

^"IIli!]#>"C Saccharomyces cerev 
i s i a e v Pichia pastori stli7D 

jMri"*:^*— *Y*«» -tfAite*** 
»LfcA>y? ■ $?r.|cfc^-CI*tt 4 0 

*-f Jt#»aM*tf«riBrote© 2 o©is 

©*©£:*£* C 
[0 0 0 7] ^Pf7H?*j|»fl>Mlt. feAfeOX 40 

*X*'J-=>*1-*fc»l=l4»*fc*©*Jl*(=-3i\ 

TS*fL'S:ltttlS'a&^<s Saccharomyce 
s cerevisiae* Pichia pastor 

*#*c±a«wiii"efc*fc»* it so 
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99 ■ #4i>-<D7a j r7~tixm&&mm Lt=&mm 

[0 0 0 8] 

[MMflMfc L* 5 **W(4. *>>99- 

a-Kt4tt»?lt*t*DNA. &LC*©^Pt-T 

-Hf»e*©**Lfc*>e?$r - a 

K*3— FT* D N AK?lJ 

[0 0 09] 

[BH£«*-r*fcto©¥IS] *JfcH* & (4, * $ y - 
;HHbte»SCanidida boidini i©^Df7- trite 1 ? 

xtfr-sfciMu^p^T— eafirf-^**>e?^ • * 

*y» *(=sofc. **9?i4, ^p^r 

?p f7-B I4*sgi jti£ffi-e©i§&(= <fc -a r * 
Jft£4ifeJia« l//<**C!>5M*l=B*-r* 
A<»*LUc t©l(D?af7- <f©d><C< fct 1 O© 

[0 0 10] *JE9J<DJt|ttM*f::fel*T\ **WI43fa 
T-c^ — -tf a. ^p^-r-^-— 4fBX»±€-©iS*©^Px 

y-SK7 4 0tfe, SK741*, SK7 7 4|*XI*S 
K7 7 5**t?fc^o *^KI4^fc. ±e<D**^S?4T- 

[001 1] *»w©*lt»»»=fct>r, 
-<^^-i4. >/<->jt^3- K-r iie^-© 5' 
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PT-7-Hf*>/^sai*©t©, «ty*ft»i=tt*'> 

5**-T£./gE5iJfrt>44o 
[0 0 12] **W(t*6l=» EW»#2l=**Jl*2 
314-4 2 0tt©75/iEJ(. *4lM±*©EWI=ft 
^T'>4 <t=t,8 0% v j?SL< 14*4 <it90%, 
*y»*L<l***< it 9 596©«Bltt**-*-«J:3 
l=H16Lt©TS SSI, #AXtf/XI4tt 

■ tK-C S?n*H*3l6©^PT-r^— If AX 

• tK-C 5?-***©^P-r-f^— tfAXtt-t© 
MMtea- KT4 D N A ttilflM-*. 
[0 0 13] *SgfBI4*fc, EW»*2l=«4*l*T'S 
/HE*, fe4lM4-t©E5fll::*avC*4< it 8 0 
%, »* L < 14*4 < i t 9 0%, «fc y»* L < 14*4 

< tt9 5%ottnttt*-r*J:3i=iEa±a)Tsv 

K#**V SSI, »AXtf/Xttttin$:h.fc7 £ / &E 
****** ■ 7f?-<i?=.^E6SEroM|g«:^PT 

4-t~ ifAxi4-f-©s§»ft*a«r*. **«i4*& 

[z. ±SB©2i>i?$f ■ TlW^-fc&JfeWHt^tt^PT 1 -f 
^— Hf AXtt*a>«»(*:*=i - h"T4 D NAStSftf 
-5. JlttMlzlt, KDNAIiE*l«'*3l=5S;h.4ttat 

E«**-t*c:4:3a<-e**. 

[0 0 14] **WI4*fc. E5fl»#5lc***i<6T5 
/ KE^L fe*l«l**«>EMI=£lvcd>& < i t 8 o 
%, # £ L < 14*4 < i 1 9 0 96, «fc y L < 14*4 

< it 9 596<D*Wtt**r*J:-3l=1«fiLha)TSy 

Si^ft. SSL #Aatf/xi*#Jn**ifc7 , sviiE 

r*. #S6flS 14 ±E©*>S?y ■*-fS5=*S 

*©^P J r-f 4f BXI**©iMMt:*a- 4 D N 
A$=ta«f*. Jlftnf=l±« HDNAI4En«46l= 
*4*i***EJflt*r*. 

[0 0 1 5] ■ *?=.#©:?□ Hf 

A. BXttW«*?Px-r*— If A, BWfih.b*a 
— Kt"4DNAI4, /<>BS (Saccharomyoes cerevisi 
ae) XI*e*T-/<XhyX (Pi chi a pastor is) ©:? 
Df -ft — if A, BX^f ) $3-(. , tSPEP4, 
PRB 1 jMrFiE»±©«tttt*t-3*«. *©T £ / 
KXtf D N AE5iJI4Saccharomyces cerevisiae^pPichia 

pastor is© ZJP-r-f-i — -tfA&tfPEP4, PRB1 
Jtfi*t(*ttl=8 0%*y«^«ntt*#L*S«l= 
S4<5t©T*fc*. **Uj>jt, **WI-felt-S±E© 

r'BMMtj 14, Ittfr*^PT7-4fSH±i<»&*i* 

n y , »tf/xi4, e*w# 2 , 3 xi4E?u§# 5 , 6 

lcjj?£:K4E$iII=, -Hxt>©E5iJi*4<it8 0%, 
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L < 14*4 <it9 0%, «fc y L < 14*4 < 4: 
'«9S9MMBHtt««f«H9. SSI, X*, #AXtt# 

m*©sjits*#4cits*-r*. *fc, *«0j© 
^gp#ici4, E«»*2Xi*5ic***i*rsy|MEai 
i**WI=H-©7 £ y WE?l«a- Kf-SSS©** 
EJiJ^t o D N A^£<*±©«HS&f-£*«-r4© 
l=+5J"4SBItt*t-3DNAE«tS**i.*. «5Ui, 
EJH»#3-C#**l**»E«©*6»a©. TfJ 

raj i=s«4*i.rt. *»9J©Bttfr*^PTr- 

10 -«fStt36<»6*i-5Sy, *>3^*SSl**tfcE5flt*»W 

i=s*n* =©*•*. *jen©R** 

14, $>/^RMDN A©F5*l=j3t^T, E9J## 
2, 3, 5XI4 6l::5K*;h.4T5-'»E$flXI4**EW 

***tti=sfcE**:rr*. iMWizitww-e 
fc4. **wi4*fc. E«»*4i=#**i*rsyaiE 

W^644, • ^9=ft3|E^of-ft-ifA 

[0 0 16] 

[«n©mb©»E] *»wi=*y, *>e?4f -Tie-fi? 

20 =©^nf7- □ - KtitiEMtfi^nfT- 
4f©S±j&<*4<itWia**t4«fc5lz&£ <S«, X 
ife, #A, ttftJ, «) 4*ifcDNA. L < (4&:?p 
f7- If «a- K-r4«SE5"JI-^Stl£Slv-*-iS€ 

il=«fc y $ K*H!VStt*tKttf::» LT* L < ffiT 

Lfc^pf7- tfae^xxa . tk-t ->-mm 

&£ft4 s 

[0 0 17] C©«fc-5 4**©0Ji LTI4, IF£M©:?P 
T-f if ASa- Kt^PEP 4itfi : ? : A<-h^©<fc5 
30 lz3fe^**i.fcPEP4ae^-eSSl$4xfc*>5?^- 7« 
-rs?=*-e*y» B»-cii5±I?af-f+-fA«4 
<«£L4l>©*4&-r, **, zfPT-ff— tfAfc* 

y jsttft **t* * tf y - v»^a 

— tf B 4 if© ? P f7- tfJSttt« L < »« $ ^ 
4c *f=, PEP4ite^l=UaS.T^'P7 i -1'^— ifB$ 
3-K-T4PRB1 ite^ *<±&© «fc 5 l=3t^ $ titc P 
RB 1 iiWt'Sft^titi^v? • /IMv-tfctftffi 

w«l7?fey, c© & t5 4^siss*i=fc^ri4, pep 
4 iie^-^^T* i±fcr^i=stt4<si»-r 4 i * h& ? 

40 PT-r±-4fBS14t,^<ttffi$ix4L>c:i*^#$*v 

4. ^nf7- tfsi±©iSTLf=*^i?^- 7t<-ri?zi 

*, PeP4lW**#iPEP4. PRBiite^ 
X**I4, *SJ§**fflL^fc*SftfrTT?»4*i15l* 
©Jt«ft*tfll*UT^44^3»«**-r*. -©- 

t(4^*i.&©ite^-©w*i(4^sifefrT^i4*>i;^ • 
#-rs?=.©««ii=«itais*«^ci*s*-r4. « 

o T#J§IK 1= ok 4 ^ P t T— If Stt©ffP«iJ * tLfc»SI4 
*«$>/^S*^©fcft©«^fcS£^fe4c #1-^ 
SBSI4^P 7-T— If ©*«^ >/t>7 K$ 
50 ic^-T-Sci:*^*^. 
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[00 1 8] *«wi.c*y, ±E©**>s?y 
5t^ai*<s«*H^ e zz -ensiles tii, «s®tt 

C, &&*aB? (EGF) , -f>va'J>»«IB? 
1 (I GF-1) . t hJtajBT;u^5>. xuxptK-T 

If> (EPO) . XOVTK^X^V (TPO) 10 
^ (* L%4^<t J: -a r ft & 4, ©T? fc o T * «fc 

I*. 

[0019] mm***— it* smt^'ttsio) 

ft&OtzUXD'X?-)-)^-??- KKKta- h*"f £ D N A 

Kan* K-r*aa*© 5 

BUS (EP*>. 77>+>^) LT*tr^i:*<l?^*o ^ 
HEW. • #«f S?=©?n*-f tf A<D-><f 

[0020] *aBa>**a*i=fci^-c. aaae?* 

Lt> ^S3fc©i?^:?>SJ;u:?P^r— ^fc&aT- 
^S/^c^-Krsae^tf^SjK'S. *Bai*. 
* SO) N t 5 / M« 2 ofo^jgt * ? 

pf7- «fn?fcy. m-m±mmtm*k-<!&&. zcomm 
«©TSttaa<*i=#*ft**:7*KW)t-t?fcy. =fs 

o T t? t- C 05 ?P :?> KEJfl t *jMc« < 
©#»a«T!©Sttftl=4:-3T««-Cfc4. C<Dfc#> 

i=. wmmommz.tsv&#»3mi=.it* ft&otztbto 

[002 1] tfcoT. *f?V>C?4I 
^■**VS?y ■#-fS?=*» *F»=I*^P f7-gStt 50 
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**f^>coii*s*a«ti4. bit, **& 
**&i::if»i=i»a-r*. 

[0022] Mnt&itheHmat«feAi:. 

(1) ±>W ■ Jtf-T y-fl)^Pf-ft- tf A»y^n 
H4— IfBa&FaaaEasaBU (2) ?Pf 

t— eae^-aa^xs k*««u o) *?7x 

5 F*JBlvcMUEifcft*fta-.L 7af7- tfaeT- 
■ TP-f^-^ISfiLfc. (4) 

£ i=s -a tz t © -e fc 3 . 

[0 0 2 3] (1) ^af-ft- -«? AZktf^nf-ft- 

HfBae^ 

■ tK-I' i?— A T C C 4 8 1 8 Ofcfcj!)<0jjS$*l.-i>o 
*»BI=fe^rf P-->^ iai*» ^*0©:fi2:<Molec 
ular Cloning (1 989) , Methods in Enzymo logy 194 (199 
1)) lz9t^xm£5^t^m^o -r*^*,. (a) ± 
IB»S©±DNAlrS3fe1-4DN ABfM-> 4, L < l*±fS 
PS©m R N A i y c D N A«f^^*a*-aA. 

y-fae^ aAffl^-? ^ -* ?i£i-aA Lx±iaBs©a 
e^^-r^^y-A^BTaro^p-^^amL-c. 

[0024] (a) mmoit&^^y^'j-mmm 

t?DN AZTJU^— ^a|8L, $bt7i/'- j^Ca 

p tm,a« tuai= t;up -;uj5ti8 l r war * m 
l> astt^^^-icaaufca. as«c*aasii= 

[0 0 2 5] wCDSffll^tl-S^^^-i: LTI*. a* 

4, pBRsiMS, pucm x^'j^h (b i 

u e s c r i p t ) m&3l<&-)|gl::mgE£*LTl,'><i>A 3 i i 
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[0026] (b) <?U — XD&1R 

[o 027] ?q— zfizmi^ZJaTr^i— 4f a&i;:? 

U 7f^2?=.©§fefi<*DN A -5 P 

CRSt,ty, RffS-r^DN AKJtSttJIttlCiMMLT 

n -r T— tf ©7 5 / KEail=ttlS-r« 2 &©* 'J =f* 

■ jf?-f •;?=.©&&#: DN A^Stt5PCRSl:.t 
HfSW-*DNABf)t*«JlttI=it«LTft»-<-*C' 

[0028] ±E*tfci=J: y»e»*t-s.fiJrMroiie : F-ro« 
£K5>J©2ft^i3«}:i/5tEte> •fflx.cfT^-y-A ■ *;uk- 
r-©-(b*£3St3S&(Maxam-Gi Ibert, Methods in Enzymolog 
y. 65. 499 (1980))4M?T**^X*U*ThTMWS* 
(Messing, J. t Vie ire, J. , Gene, 19, 269 (1982)) SI* 

[0029] (2) ^fP^T— tfite^ses^xs K 

©*« 

^PxT-4z£p- K-T £DNAiE?U£3fegLT, «tt 
M^P XT'— fe* * gJ&<*±T? * 5 1= 

SA^^-e#'Ei:^«fc5l39SclE$Hf=DNAiE5iJ<tI4. * 
>/^H£n-KtSDNA E*l G>tf StfWft * titz * ' 
©*\ -£B#££ife*-£frXte<J>£K<fci10©3t£U 
tf K6<SA (^L<l4#Jn) £*vfc4,©T-fcy. -tt 
&©&£l::£oT$>/^H£a— K-f-SDN AK5ii© 

L < lid© «fc 5 <C*«4*ifc D N AE9M*. $ R 

*54dn AKtt tfflt^r»fe{*±©jie*« ««-r * 
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c £#T*#&<tftl:I»A2*LfcBS$£&v-7^-it£T■ 
£JB£;rt-5®8?v-;b-«e?-J!: LTtt, G4 189Q 
fc£*jR»tt»&?-, URA3, LEU2ffflfifflS 

e«*#«lt, fc-6tM*«ffl©afific«feyaiii#A<s 

10 [0 0 3 0] (3) 7Df7- 8mGrT-X*l3>*J* • 

■J p f7- tflStt4W4i»i: tfc« L r Ml * * > 
S?4T ■ TfW v?-^[±, ±a©*E«3B:^P-rT-4f$ > 
/<*Jt#*£**J!ll»J:3l=*E**lfcDNAE«ISflJ 

&l= J: y Z.OtzthO> 
20 fcjMBEWSWT MUMKDN ABrJV, » * L < l*» » 

Hte«v-*-jte^«Eif©«Ai=j:y^Bf$*ifcjte 

Tfc#t?**DNAEtt*JHl*TB*«£$»JMs*r 

4zfci=j:yaj*4*i*. c©»mE*v-a-»s* 
s*i»*a*LfcuRA3jie^*ffl^*zi^x?* 

4. C ©3fe^ Lf:URA3 iSfi-f'i: I4» -?-©5 ' flji 3 ' 
* £ l=* W * D N A E W * H-*« L fc«jt 4: L 

C©fi«BJ««t(DSft84ft«l^±i;r U R A 3» 

30 e^#fti**%*c&*<prET?fcy, wftEwie^T 

LTURA3Jie«||«ffl-r*C:iii<prtti 
JEC-5. C©B§5. U r a -ttli5 -7;U^-P-^-P^VM 

(5-FOA) M&ttH&Ztfrih, 5-FOAgSft 
©U r a+»©*fr&URA3»e?-#eJ6WfcffiflIia 
ftitl=«fcy«[Ct*%fcU r a-»©Sfi?(4^A^fc-5. 

[003 1] Z©tt©*atLTJK^^-f >•* 

V^^ htt PflStl-STJS (Rothste i n R. , Methods E 
nzymol.,194. 281 (1991))£flHvt£<fcl\ ^^I41S1^ 

E*iiicj:ya*jie^-**t?^xs kdna^em 
40 ae^ffiiz^ALfc^. »KEiftEic±i:fcrt«it©« 

An b 2 -3©ite^-©BTfE**^3gW<c«RIE*jt 

ic«fcy«Ejte^-*<i*3E**t, astE^+tfciteT^a* 

JrLfct*$S«-r-S»i:^573^' : e&-l.. =fl>IKti:6U 
T t U R A 3iteiP£^— * — 4: LTfflLN-S Z-tlzk 
y, 5-FOAffiStt©U r a+*fc©ft"fr£,URA3i! 

ewe*«<i:«nttiijti=j:ytti+**fcu r a -» 
©s#;ttSA-e&-s. 

[0 0 3 2] ■ W9=»IBIt **:«>© 

50 ^5££UTIi. 70 h^Xha^'JfiA. 
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7J>v$f ■ #-f «?=i*l=-3t^TI*»(=«ll**t4L^ 
ATCC 48 1 80««. I FO 1 00 3 5*SM?;6< 

U R A 3 itfi^ L EU 2 

[0033] (4) mm.&ttn&m 

^Pf7-S*fif**a*>55f ■ *V J3l/> 
4$^, ±IB©<fc5l:::7Px--tf«fc ; F-£*6&U &t= 
IW*l//^Jl*3-K-r*DNA-c»JMB*-*-4. * 

L<ttTj"ei=a«fr*jwjie*«a'<^*-T?»Jt 
6tt * tit**** & ±k© «fc ^ i= 3f □ ^ r-Hf «*u» 

•J7 * - 1 ±fB©BSt£*:h.fc ?D f7- BSfirF-e B*l= 

fl2Hi£l&1-& c 1 1 ^rife-efc*. 

[0 0 3 4] Jt»W©fc»©:fP* 
f—em&rf-O-fB*—*— (*HW5-3448954!-& 

tt) . dpUBWcmiMlJlfi^O^P*-*- (BNE&H 
mWO 97/10345#) HtfWSSft-S., $-5*— *-h 

urii, ■ 7t?-r $?=©r;ua— n^-*^— - if 

MrM)*— **— (»M¥5-344895*4*«) , * 

©*-£*-• Si- (SSS^SSSWO 97/10345#) 

JM*>/<*llN*atl=l=*H&©fc» 

a>»>if^E5ii*aifr-5ctj=«fc win* >/<*jc 

©#S&j&<W1feU:fc4. c©£3tt#&©fetf>©5'?-*-;u 

i&iy^J^Zf^ FE#J©I5j&V AVSS (S. cerevis 
iae) ©aB?©#»2'?-*-JI"<?? KEJWtfflUIJ-C 

[O0 3 5] Jfta*9*-li*±ft6(*DNAl::a*& 

«. «£«nn*!i=»«t-*jwjte*©3e-*i*i = 

»Jt1Eiat*CJi*U #&4t4***^6*«-r-5=:i 

[0 0 3 6] **fcLTI*. **J—)\,, ^'J-feP- 

MJ7h>, fcx**. Aifsyit. T 

t7A*Sp© 1 afiLL©M*XC:. 'J h U 
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a/<;uh«(DJiiimM£Sftiu 

[0037] J**©pHI4, 5~8©ttfflA<»*Lt^. 
«fettSUEI49tt 1 5 ~ 3 7 °C, »* L < 14 2 8 
&T?fc<5. »*«HHI42 4~1 OO OHMUVfty. 

**i4»«. mt* % iam % iiaT©isi^««xi*a«E 

**yae***tflUBi-r*i=i*» »«©*>/<* Jtst 
10 **jB*m*« = nxisttflMbn 

*aa. jHijEfifi#«i=«fcyae*****t?«aaKS 

*t«»r*. !&SI::J£CT:7P^7-4fffi«lr!l£3sJin 
f-Sc *»±J»*fcifc***i.fcJHa\ ««**o*©^ 

5tiM*«*l=*yHI»*Mi>*l**U 

*&w= * y^p^ S 2/«m*l=*«ttat 

©K5*^fr5 = 

[0038] a^>/^H»5aa^&*«f^, mtstiK 

20 ft. a*f&. H^5®ft. y;Mt«Ufctttt. fc*lM*-f 
[0 0 3 9] 

I4&l^. 

<ISJS^1 1 > Candida boidini i©^ 

30 gf^t- -tfAflte^ (pep 4) ©-»p— 

Candida boidini i ATCC 481 

s ot*j: ypEP 4ite^©ffi#, xi;^-©ffi«K$ijft 

[0040] (1-1) 7n— -JiDftm 
/^>BS (Sacoharomyces oerevisiae) {Woolford, 
C.A.et al., Mot. Cell. Biol. 6. 2500-2510 (1986)) 
B.tftf*7 • /Uh'JX (Pichia pastoris) (#*¥6- 
5061 1 7-SHHS) ft*O^Df-ft- if A - VCffd 4lT l> ' 
ZTZSmmm (-X?*E) iOFAEATSEPG 
40 LS^P YDYT LEVSGSC I Icfcfjfcf 

©t'j3^^1/tf h'^Cand i da bo id in 
i i ©a K>flOHIMt*#*LriilT©J:3(=*1«L 
fc : 

PRA5: 5' -G AT T T YGCWG A AGCWA 
CWT CWGAAC CWG G T T T — 3 ' ; S.Xf 
PRA3 : 5' -AT ACAWGAWACTTCYA 
A WG TRTAATCRT A WG G - 3 ' „ 
[004 1] ?7 , fV — P R A 5 147 5 /fifiE9lD F A 
EATSEPGLI=Jtl£U ^7^7-PRA3li75 

so j mmm dfaeatsepgl icstiBf 4**Eja© 
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nmmcom&]T'ib&. y p dj** (bsi#x 1 %. i 

:7r->2%, *2% % pH6. 0) tSILfc 

Candida boidini i ATCC48 18 
0 *(©«{*: J: y » K»7jy7Aj£ (Methods Enzymol., 
65. 404 (1980) ) l=*oT*fe(*:DN A*««Lfc. 

[0042] Candida boidini i Sfe-fef* 
DN Ai, Pr A3£jg£-U E 

x T a q /K'J > 5— tf (Sffifttt) tffl^fc P C R 

( (9 4-C-P3 Og> % 5 0°C-C1£\ 7 2°Ct?2^) x 
301Mf;U) £fr^fc„ ItifgSftfcftO. 6kbOD 
N ABffr^HJlxL, pT7 Blue T-Vecto 
r (y/(yi>a) D——><fLtzo Dye primer o 
ycle sequencing FS Ready Reaction Kit (/■?— +>x 
tt) tJBlvt* »&*lfc^775K©»XDNA 
■fR©*»E«*ft«Ufci:C5.- S a c c h a r om 
yces cerevisiae StfP i ch i a 
pastor i sS3|EOPEP4jteT-©7'SyKE5IJ 

3b<S4b&*VfcO)-e, :fflDNA|JtSCandida 
boidini i ©PEP4ite^-©-eB-efei.i:Bf^ 
Lfco O. 6kb©SADNASf^lt ^7XSKSS 
a I ItEcoRI T?«JBJrU 7#0— X*ft3MU)flL 

[0 0 4 3] (1-2) ?< I '??>J— 0*8. at*** 

Candida boidini i ATCC48 18 
0*©ftfeflfDNAta^(0*|RiMS-efl|ifL» O. 8 

Hybond N+t-f V?l/>(7Vi/tA 
tt) h7>X77-Lfc. **«.<1-1) -e»6*ifc 
DNAi^^^-f^-DNA^^'J^vXfA 

^ >j ^ if— > 3 >*ff^ofc. /W ^ >J $r-r -fr- a 
(Molecular cloning 2nd edn. . ed. Sambroo 
k, J., et al.. Cold Spring Harbor Laboratory U.S. 
A. .1989) IZfEoTfrofc. IS*. »5. 5kb©Ec 
oT2 2 Iimi;:PEP4JHSW»ttf Zt^TLtH 
fc. f^tflODN AKJt*^ 0-=.>^^<<, 
^'J-tftBUfe. Candida boidini 
i ©*6(*DNASEc o T 2 2 I T?«HSrU TtfP — 

xmsufcBSL 5. 5 k bttiaroDN ABf^s-y^C) 

miRLfco EJlXLfcDN AgfM-^P s t IT'SOBrLfcp 
U C 1 1 8t7^y—>a>Lfct« HanahanJ) 
(Gene, 10, 63 (1980)) £*8:lZ*S 
IKiLt. 7-f77'J-^SLfc t 
[0044] w^.b^'T^^'J-^MaroDN ABf^S- 
:7a Lfca P--/W :?U ^T-f-tf— : >a y 
Lfc„ &&;h.fcpg14?p->ro*fr£,. 
?7X5 KpCPRA1Xi;SAISf^j£3b-|p]T*&-5p 
CPRA2j«}|n^D-V$ISLfc t 
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[0045] ( 1 - 3 ) ttSESIftS 
^5 KpCPRA1©a«B**B*ff»Lfc (H 

i) . ^sh'pcpRAi zm*<Dftmmmx*v)m 

fSS* P E P 4a€TliS 1 £D*«|3. 5kb©Bgl I 
I-EcoT22 I HtSlC^-r-Sxt^xfettfco 
J§E©it*E5Uro9lS£fr5fctf>lc. 2. 2kbOBgl 
I I-EcoRVBrtt (H1 T*T&Tim£jntzB g i I 
ItEco RVra05f«) *¥Jt3fc«MfcL-fclfe» p U C 
10 1 8 05 S ma I SP-felC^ 1. 7kb©HindIIIBf 
(B 1 -CTlfVC**JrlfcH indll I fiaroffi«) £ 
pBluescript II S K + 03H i n d I I 

tUD^XS K<fcy££g#H*£. double-stranded Ne 
sted Deletion Kit C7r;uv5/Ttt) *ffl^TlS»L 
fc« £U£E5<£Dye primer cycle sequencing FS Ready 

Reaction Kit SlXDye terminator cycle sequencing 
FS Ready Reaction Kit (/i— 3r>xjl/7— ft) £fiit^ 
T^Lfc. l*&ti.fc^SE5iJ^OJ5:i?^-tJ-«,Ctl= 
20 J: y » E9f«* 1 icip-r J£gK$iJ## P,*ifc. 

[0046] E#l## 1 ©ffiSEflJI-l*. 1 009fl 
^e,j3£.y. 2 2 7 1 §gT?&:b3 1 2 6 3ttStt*€> 
t-7"> 'J - f<>^7 l/-A4<#St I „ COt 

JIJ (E5lJS# 2) £ » Saccharomyces c 
or a v i s i a a S.XSP ichia pastor 

*ih.?*l7 5%. 6 8%©7'5/®A<ll— 
fee ^-T-^E^JttJSf^ai (von Heijine. Nucleic. 
30 Acids Res., 14. 4683 (1986)) C:«fc y JtS^+i&i^ 
■^UK^ Ktt.*^:*-— >3&*S>2 2tgfl)77->*'!? 
CO 2 275/'it'fc-3fc n 
[O O 4 7] <&Mm2> Candida boid 
i n i i (DZfa'r'f-j— 4f AiKfe?- (PEP 4) fiftgfefe 

Candida boidini i © U R A 3 
V-^-irLfc^Se^lCfcoT, PE P4ite^-^® 
ISL-fco ?I3E.<!: Lt, Candida boidini 

i ATCC4 8 1 8 0*i:fl>URA3itfi?-©£iM*C 
40 andidaboidinii SK61 2t*£flH* 
f=« Candida boidini i SK61 2&f± 
^073* <Sakai Y. et al., J. Bacterid., 173, 7 
4580991)) l=fiEoTlx4IL.fco 

[0 0 4 8] (2-1) PEP4it£ ; ?-i£8'<£ O 

B2lZ^-T«fc5l=. PEP4itfi ; frot!|2kb©Sna 
B I — E c oRV^HE^URASae-f-ICiSSILfc^ 
XSh'pDPRAI^fiLfc, PEP4Smttt 
»tf^95';U»^lrlMW"*fcibJ=* Saka 
50 i 60Dffi# <Sakai Y. et al., J. Bacter i o I . , 174, 7 
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458 (1992)) tt&at&?<D«Tttfc* J££*£ 

^jlotURA 3itfc^£V— ji — k LtfflW: 0 

[0049] Candida boidini i(DUR 
A Satfe-?- (Sakai Y. etaL, J. Ferment. Bioeng. , 7 
3, 255 (1992)) **t?2. 6kbOSa I I -P s t 

I pBIuescript II S K-OS 

a I I tPs t HH5&(7>raizffiALfcpCBU3^ftS 
Lfco pCBU3$Sa I ITffflBfU T4 DNA/K 
»J>5- tf»c*ysF7»5E*«iSLfc«. SbCXbal 
■C«JBfLT. O. 9 kbOURASffie^tDS'iB^-i- 10 
fcDNA|fftf£iiUHLfc 0 $f: P CBU3^Pst I "<? 
SUBRL. T4 DNAtKU^^— lf[Ccfcy¥7&*5*«lS 
Lfe«. *&ICKp n I ■C«BfLT»&*lfc2. 6kb 
0DN ABfftfirlfiF&OO. 9kbO)DNA»TfrJpUC 
19(DKpnI-XbaI left A L. 5 KpUR 

P**fc. pURP^Sa I I«lfLt»6 

*i£3. 5 kbfl)DN ABr)ilZli % U R A 3 fltJftJte^ 
(Bflff&lcfcjo. 9 k b 0SaE5iJ^#« f I, z i: 

(H2) o 

[0 0 5 0] p CP RA 1 <ta£fn]#JZPEP 4$t£^ 20 
|fA$tufcpCPRA2$-S n a B I <br E c o RVfffl 
ISL. Xhol U>*- (SSiStt) £*?ALfc e 
ttf:^7XS K0X h o I SS&IZp U RPtSal 19 
Brtr»b^^3. 5kbfl)DNAiMSAU ^7 
XSKpDPRMSflt: (02) 0 

[005 1] (2-2) fi2Sflte& 
*mMm<D (2-D t»bW: P DPRA1^Sa I 

I "£98? LT* Candida boidini i S 
K6 1 zmzmWJT^lxfc (Ito, H. et al. f J. Bac 
teriol.,153. 163 (1983)) T'&WHWL&ft-otzo 30 

£*t5 cilery* PEP4lfifM»«x^'j-= 

*fe#DNA^Sa i I tNd e I T?#J»fL. pCPR 
AlSSa I ItSnaBlMLtX.&Wl. 7k 

bODNABf^r^^p-^iLri^if>S«f^fTofc 
(B3) e H3iz*t" *5l::«i:s K6 1 2 Arete 3. 
8 kblzyOK4<ttUJ**i*^ ««*-Ctt5. 4kb 

[0 0 5 2] Kttl£tt£C a n d i d a boidin 40 
i i SK7 4 0»t$«Lte Candida bo 
i d i n i i SK74 O^SYP D*Jft"CeSJH*T? 

**Lfc». s-^;u^n^a^v>^ (5-FOA) 

lZ»tt*»-rt»**»Lfc. 5-FOA»tt»(DBffB 

t;u. i*Ktt1*-f x>x-r7-r** 1 9 94) icfSiEco 

^SfcClftofc. 5-FOA»141ft(7)^fe<*DNA$PE 
P 4ite^®«**^IS^Lfcfigi:^«(D*if >S#r£fr 
a^iWot, URA3S£W*IlfcMX^'J 
— - ><? Lfcc B 3 IZ^f i5CSK7 40 tfetfte 5 . 50 
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4kb0>tt1tf=:ttia**i*/^>K^ URA3it€^# 
^Lfct*t?I*2. 8kbG){iaO^>KA^til**i 
fc c URA3»£^ILfc»SJCand i da 
boidini i SK74 1 fc<tt8r« L. ^FjS 1 O^ 

^Bt (Sttft* o < ism) i:^>^h«JTMl» 

f£**U Slttf F ERMBP-6482^^.b*l 

fee 

[0053] <HJ£#I 3 > Candida boid 
i n i i P:7a^^-1fBitfc^ (PRB1) (D*P 

Candida boidini i ATCC48 1 8 

O**.!: y P R B 1 ite^Oim. *<DttSEMftX 

£fr#ofce 
(3-1) TfP-^OftS 

Saccharomyces cerevisiae 
(Moehle.C.M. etaL, Mo!. €e!L Biol. 7. 4390-4399 
(1987)) &tfP ichia pastoris 
(H$f6-506 1 1 7f^) S*©^P^-fi— 

NGHGTHCAGTStfATAVLSGTSMA!:^ 
jSt^fillB^I^ U Utf C a n d i da 

boidini i 03 K>«ffl«*£%J*LTiaT<D 
J^I^JSfcLfc : 
[0054] PRB5 : 5 ' - G G T A A Y G G T C 
A YGGT ACHCAYTGTGCHGGWAC- 
3' ; RXf 

PRB3: S'-GCCA T WG AWG TAG C WG 
ATAARACDG CWG TDGC-3' 0 

[0 0 5 5] ^7^*7 — P R B 5 liT 5 J HIEJUG N G 
HGTHCAGTl:JtP5U ?7-f V-P RB 3fi75 
y ATAVLSGTSMA in^ttSf -g>^I&^](D 

ffi^*®OlB^J-efe>5e Candida boidini 

i ATCC4 8 18Ot*0)lfefifj;DNA<b, ^7^7 
— PRB5 % PRB3$I^U Ex Taq/K'J^7 

— Hf (SSiStt) SfflWcPCR ( (9 4°Ct3 0», 
5 0°C*TM$i\ 7 2°Ct*2») X3 0^^jl/) £fro 
fc e igiffi£*xfc&)0. 5 k bCDDNA6Brtf£@ifcU p 
T7Blue T -Vector (y/*vx>tt)|z£ 
P — — Lfc D Dye primer cycle sequencing FS Read 
y Reaction Kit (/<— ^>x;uv— *t) £S3lvr. f* 
6hfc?7X5 KOjfADNA«f^SE»$»£L 

f:iC5. Saccha romyces ce rev i 

s t a e 2fclKP ichia pas tori 

P R B 1 aie^CDT 5 J HE« t *L^«Btt*#OT 5 

DNAffiJiJCa ndida boidini iOPR 

Biae^-ffl^fe-SiBfSLfco o. 5kbtf)f¥A 

DNABffrl*. 77X5K$Sa I IiEcoRItfl 
KU 7#n-x*ftSMML El iR Lfco 



( 10 ) 
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[0056] (3-2) ^-Y^U — G>fESL RTfX<7 
Candida boidini i ATCC48 18 

o&(D§k&froNA&m*(DummmT*v}mL. o. s 

%T#P-X^SS&E)£?Tofco ^ILfcDNA^ 
Hybond N+±^P>> (77i/^A 
tt) h7^X77-Lfc e *3IJ£0fl<7) (3-1) T*#b 
4xfc(Z>DN ABffJn^tf^-fV— DNA7^U 
XfA (77i/tAtt) £ffl^T&tf14iitKU iHf> 
/x-r^U^-r-tf— >a>*fT^otro *<Z>*§S. PRB 
1 ite^iif^S. 5 k bOE coRI-Hindl I I 
KJt\ ft 4-. 5 k b OB g I I I - E c o T 2 2 I RJ* 
\^&-?&Z£tf7ji-£ fritz 0 5kb<Z>Ec 

0 R I - H i n d I I I 8Sfi\ *54. 5kbO)Bg I I 

i-ecoT22 i»f^$^p-->^-r-<<. ^-r^ 

^SSLfee Candida boidinii 
0)*6»DNAJE cQRIiHIndl.II T?«|» 
U T#P — XMSMtlft* 5. 5 k bttifiCODNABf 
ft-^^U^^IsJilXLfco HttLfcDNAiWpUCI 
9©EcoRItHindI I I «M&a>IBI=»A U E 
coRI-Hindl I I ?7X5 K5-f — 
SSLfco PSfatBg I I I-EcoT2 2 iNrfl** 
pBluescript II S K+(DB a m H I £ 
P s t I LtzBg I I I-EcoT22 

1 ^7X5 K7^?7'J-SftgLf: 0 

[0057] Z*l&^-f ^9*J-l=±B?n-^*JBl\ 
fc a P W 3f «J £V *— 1 > a > fc J: £ x ^7 'J - =l > 
^^fTofco h^^*^^-r— (ZcfcoT. Eco 
RI-Hindl I I ?7XS K7^^7 ! J"^bp C 
PRB 1, Bgl I I-EcoT22I 3^7 X 5 K^-f 
?7'J-^bpCPRB2 P — >JMltt* 

p->tLrsa*tLfz 0 

[0 0 5 8] P CPRBlMpCPRB20)|llBi 
iteia^fffiLfc (04) e »6tlWD-^Ca n d 

ida boidini i0PRB1 Z t 

£5tSJt"<5 C t . &V C andida boidini 

i (DPRB1 ite^CO^-— ^> "J — >^f? 

/s^ *if >«« i= cfc y ^ p - w ^'j^xl 

fcft'jNtDDN ABfitOiKlO. 7kbfl)ClalS«OS 
«E«*9ueLfc. £0>ffi«R5IUD3i£l*pCPRB2 
<fcyStf*LfcO. 7 k b<DC I a I BRJt£. p B I u e 
scriptll SK + lzftALtftgLfc^7X5 
KtJHivcfTofc. »&Hfc**iB5iJ (1B^JS^6) * 
6Jtt4*i475/ltEJ( (SE^JS-^5) <t. Sacc 
haromyces cerevisiae X.I/P i 
chia pastoris SlSfefD^P-T'l' "J— tfB <h 
CDffil^tt^Si^fcirC^. f*Lf*l7 6%, 7 7%(D7 
S/M^W— "Cfeofco Z(D«*J:y Ca n d i d a 
boidini i (DP R B 1it<E^CD^-— ^>y-r<> 
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[0059] <^j£01J 4 > Candida bo id 
i n i i O^Pf^t-4fBafiy (PRB 1 ) 

Candida boidini i (DURA 3itGr?-£ 

JSLfco ti^LT, 3IS6^l2t?5SWLfcCa ndid 
a boidinii SK741 *fc*ffil^fco 

10 (4-D PRBiite^si^^^-^a 

PRB1it£f(Dt50. 7kbfl)ClaI«JSJURA 
35te^(CS^Lfc^X5 KpOPRB 1 &&(D&5 

[0 0 6 0] P CPRB2$ClaItEcoR I tfttl 
SffLT#b*Lfc£j2. 0 k bCDDNABffit^. pCPR 
B 1 (DC I a I -E c o R I ^tt&lzff A Lfco 
^X SKJpCPRBACI a £ Lfr 0 pCPR 
BACIatClal THOKL* T4 DNAtKLM^ 

-4fi=**ip*3iaiaaLfc«. xhoi y>*-*» 

20 ALfco »P)W:^5K(DXho I«ttl=ftlKffl2 
<D (2-1) HSfiOpURPjSa I I«0BfLT#& 
*b£3. 5kb(DDNA8r)tJffiAU ?7X5KpO 
PRB 1 <15) o 

[0 0.6 1 ] (4-2) teWtetfc 
*g:Mm<D (4 - 1 ) "eSbhfcpDPRB 1^Hin 
c I ItEcoRi -e«3Bf LT, Candida bo 

i d i n i i s K7 4 1 m^wj^-^^x^m^ 

HAOWUMtii&ftoZtlZ&iJ^ PRB1ilfi^« 
30 «»$-X^U— -V^Ufco tmt£SK7 4 1« 
StfISfiSHI^6tt:DNA^Bg I I I^Hind 
I I I -CSUBtL. pCPRB 1 £C I a I £Bg I I I 
«ISfLT»e>*Li>1. 3 k b<DDNA«fr*^D«?i: 

Lr-y-if>j»*T$frofc <E6) b laeic^i-i^^a 
£ s k 7 4 i a^t* 3 k b (D&mzmm zkzso k 

IftMrcttB. 8 k blZ^ffi$tl*o 
[0 0 6 2] j^5£$g^£:C andida boidin 
i i S K7 7 4*M:*«Lfco Candida bo 

1 d i n i i S K7 7 4**cfcy 5 - F O A Wtt&SUt 
40 #U URA3ite^^Lfct*$X<7'J-->^L 

fco X^y-->^<i^-tF>»«TlCj:orfTofco 06 
. IC^-r < fc5(^SK7 7 4*"CI45. 8 kb(Di&1£\Z&Llti 

£*L«/t>F*<. u r a 3 aew^iifcstii 3 . 

2 kbCDfiaizSlffl^^fco l£Ite£Ca n d i d a 
boidinii SK7 7 5t*i^*Lfco 

[0063] <nmms> zfQTT—exm&ozfn 

mMM2 0 (2-2) TMfbfrfcCa n d i d a bo 
idinii SK740 (pe P 4) ttai^HJS^I 
50 40 (4-2) t'SbllfcCand ida boidi 



( 11 ) 
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nii SK774 (pep4, prbD ft. j3 
cfcl/Candida boidini i ATCC48 
1 8 0ft©*t?nf7-t'Sfi^Lfc t *tl*tl 
(D**2m I <DYPD**-e» 3 OtTf36*«l*-CJMI 
Lfc, lll-fclt*:?0. 2ml(D10 0mM Tri 
s-HC (pH 7. 5) l=gSL. O. 

8 gO^XIf— X (0. 4 2 5-0. 6mm, *>4fV 

5»^*BEmy*Lfc. 4 °C. 1 OOO 

osngi=n o#hlu>u ±.mw&&mmfemaifcb 10 

[0064] ^fflSSttiiiJSroS^Sttl*, J o n e s (7? 
(Jones, E. W. . Methods Enzymol., 194, 428 (19 
91)) lzftl\ ?Df-ft- tf AS1±XtK*;U7f<^->^ 

■BAStttt, 25(1 I ©&«BJi&ttfcli?3u HXJK 10 0m 
M Glycine-HCI /*VZ>T— (pH 3. 

2) , 1 %ros^14^ i E^p e>*#t?i m i rosiSja 20 

*T?3 7°C-CSil5£Lfc. 0#SL 10^1 2 0M. 
3 0»«l=**l^4l2 O O // I ©£(Sj££&£|x-3fc 

1 OOjl/ l©1 NiiliflP^. 1 OOOOEg 
CT1 Ofl-IBSii&Lfc. ±3*1 0 0// I «tk*ntu 5 

0U\<D0. 5M N a OH*ftl*.» #5#5£4 3 a>j£j$'< 

99 Kit) ^ffll^aSLfc. ^Pf-f+- -tfAJStt 
I*. 1 Smtz 1 // g ©^^f PS**? «IMf*£ 1 3. 

ht^SLfc. ATCC4 8 1 8 Oft-ei±SllfflB&tt 
ttiJfcl rngSfc*) 4 9. 3JL— ^ hffl^Pf *f 3" — l?A 30 
JSffeMWbSihfctf. SK7 4 OftMSK7 7 4ft"C 

ttSttlifttti * 4x<C * -a fc . 
[0 0 6 5] *;U7K^r>>^^^*— Hf YSfilt, 100 
I ro^iifflfl&ttffijai: 500(/ I ©/^»;77- (10 0 
mM Tris-HCI (pH7. 5) . 1 mM C 
a C I 2 ) Rlf2 O u I ©*K5gj$ (>>f;i/*;i/A7 
5 h*T?jg$? $ Htz 6 m M N-^. > ;U-L-T □ > l/-p- 

-har-'J K (->^vtt) ) *«*LT-» J-<«# 
LfcSL 3 7°C"C3 O^PslSJELfco ::;rU=6 0 0/K I 
©1. 5M ft"g£flD;L. £JS"HW:U 0. 22//m 40 
©7<;U$--C5jSL, 4 0 5 nm|Cfcl+l>»3lfcJS-;£3l 

SiLfco *;u#*5"<:7*$r--tfY}Stti4. 

nmo I ©p-- hPT=U>*jlt«|-r*»*Jlt 1 i 
— 9 ht^SLfco AT CC4 8 1 8 Oft, S K7 4 0 

ft. sk7 7 4ft*<*-r«niBaaffla imgat y *n 

■"5*1.. 0. 7 2a--y h. 0. 2 82Z»;h. 0. 0 5 

^PTT-ifite^taizj: y. ii*,****?*-*—. 
[006 e] <mmme> iwitfi-frs >/<*«©» so 
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?Pf7- tfiie^-^Ji^*LfcC a n d i d a bo 
i d i n i i ft^ffl^T^^SJfe^-T^i/^CaeTF-^ 

*ar*=ttJ:y. * ^ ^ v > c ©#»**<***■ 3 

CiJSSLfc. ^fcSISE^ 1 © (1-3) T-^e,+tfc 

pep 4ite : ?-©^uic9JA<iiaae : ?f 

j££ #-5 fcd6© >>^±;uiB5« £ LT«W & C 1 t KB 
Lfc„ 

[0067] (6- 1 ) ^vrtSE^x ^i/l/Ci8fiffl) 
^7P-->^ 

Btl-«ft*ttT^-i.t h^Jfe^^f^-VVCiie^^PC 

i\fc. t h^T-^t/VCite^W^&iBJiJ <Patris. A. 
et al.. FEBS Lett. , 369. 326 (1995)) IcftlV JUT 
Ciir U a** 'J =f5? ^ U;*-^ K£^Jj£ Lf= : 
HCat-5: 5 ' -C A A G G C T T T G A G A T 
TGTGTTGAATGACTAC-3'SO: 
HCat-3: 5 ' - T C T G AG A T TG C T G C 
TGAAAGTCTACAGTCT — 3' e 
[0 0 6 8] flDNAtLTQU ICK — Scree 
n Human cDNA Library Pane 
1 (Clontechffi IfflUfc.MDNAi. ? 
7-f?-HCa t-5. HCa t-3JI§L. Ex 
T a q#'J**7—e (S5Hj£tt) SfflWcPCR ( <9 
4°CT?3 0g\ 6 0lCT'3 0&, 7 2"CT?2#) x30 

-y--r*;w £frofc. &«**©?-< -*-?y 

£*tfcli$)1. 2 k b©DN ABfiJn^SJlXL.. pT7 B 
I u e T— Vector (yAvxi4±) IZ^O—— 
Is&Ltz. Dye primer cycle sequencing FS Ready Rea 
ction Kit (/-"— *>x;uv— *t) -SrUJlvC, SSIBJiJ 
£&SU t r-***^^»Cjte^jfA$tL-C^ 
•SCih^aiStfco 1. 2 k b©#ADN ABrtf-l*. -7 
7X5 K£Sma I tXba I X?tJ0IBf L.. 7#P — Xt 
ft«tt«. EUfcU ^P-^DNABfH-tLTffl^fc. 

[0069] ^a^s^cafi-fSM-r**:*)© 

7-f^7'J-i L.T. X h7$$*->*tfri=«AL,f::B 

ovine Spleen cDN A "7-f U — 

&#©:?p ha— ;w=ttorai"R$^fcta 1 oo 
-5©ia^-Six.-7T-v^ p->«fc y -79— */w-*u ^ 

-f -ff— 5^ a >l=«fc y x^ ij-i>^Lfc. »&tLt=6® 
©BH4«*** 77-yi7^^7'J -lz^#© -? 

-7 7-vi»:, ^JSBXL 1 -B I u e M R F ' 
ftl=«jff*14-3 7°C^3BffHl*»L, SMcDN Alfftt 
pBluaaer IpttflyiU Lfco J**"S 

$ 7 o °ct? 2 o Msimm Ltz±m%L&*if£im solr« 

[0 0 7 0] efflroiia^&jl^TXS K£Dye primer c 
ycle sequencing FS Ready Reaction Kit (/•?— ^=->x 
;U-?-*t) *»^-C. 5'*SftflS. 3'5K4*«8(75^«E51J 
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*»*LfclS*. *%fiUcDNABff#£#ir&^P-- 
><t Lt p B C 2 O — 2 &M&Ltzo Dye terminator c 
ycle sequencing FS Ready Reaction Kit (/*?-— 3r>x 
ft) ^ffl^t p B C 2 0 - 2 0»AD N ABfft0 

tf«eai.£j*&u EM»*7t»r*»EJ»*#fc. 

» &*lfc**EOTcfc y E*J## 8 fzifv-f T 5 / KEJVtf 

*Jtfc«Lfci:C5 % 8 9%075yTO-t'feofc o 
Zfa H«c& N 5kMSl*E5iJ§-5§- 8 0) 2 0 • g ©7X/^7 * 

«»««fl>N*«l*EJ*J#*8fl!>2 2 6*B(DP 10 
^v>t^4i#^?)tifco pBC2 0-2[c(4fflJ&y 

[007 1] (6-2) -5i/*f^»C*I?W5 

*Hffi0!a> (6-i) ■e8btifc'5vA7^»c^c 

andida boidinii *ffl^T.»»*a*14' 
ifcftl::* HJE^IIO (1-3) "C»6*tfc:7niM'-J- 
-fA(D?L/«« (E3I»*4) $^>Af^»CO 

T^>ca)^p««-*»««a>*»EWii. can 

dida boidinii (z£l^TttfflfnEk<Dftl^=3 

*0>«IRE»a K> (ATG) 0)5 v ±9HUtimittl 
±aK> (T A A) (DS'TSSfiOlwN o t I HMVtttf 

3 PKttLfc" (E^JS^-9) . HttLfcD. 
NAf*B7fZ^-T^a-e. PCR^fflL^^Lfco a 
7H>0>#^-fV— CD*atE59*ISlTI=«-r : 
A 1 F : 5'-GTACATATCCAGATCTAT 
TAGGTACTTGGGTCTTTCAAGTTGG 30 
TTCTTCTGGTTCACAAAGAGATGTT 
AATTGTTCTGTTATGGGTCCTCCAG 
AG A AG AAAGTTGT CGT T CACT T AAA 
GAAACT TG — 3' ; 

AIR: 5'— GCAAACCATTTATAATCA 
TTCAAGACAATTTCGAAACCTTGAT 
TATAGATAATAGTGAAATGACCAGA 
ATTACCAAAATCATCATAAGCAGTA 
TCAAGTTTCTTTAAGTGAACGACAA 
CTTTCTTC-3' ; 40 
A 2 F : 5' — GGGGGGCGGCCGCATGAA 
GTTCACAATTCCTTTTTCTGTCGCT 
TTCTCTATCTTAGCTGCTACTACTT 
TAGTTGATGCTGATACTCCAGCT A A 
TTGTACATATCCAGATCTATTAGGT 
ACTTGGG-3' ; 

A 2 R : 5* - CCCCCACTAGTCCTAGGA 
CATC ATG AACCC AACCTGTCAT AGT 
TTCATGACAATAAGAAGTAACTTTA 
CCACCTTCTTCTTTATATTTAAAGA 50 
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A A G C A A ACCATTTATAATCATTCAA 
GACAATTTCG-3' ; 

B1 F : 5' — CGTTAATACTGCTAGATT 

AGCTGGTTTAGAAGAAACATACTCT 

AATAGATTATATCGTTATAATCATG 

ATTTCGTCAAAGCTATTAATGCTAT 

TCAAAAATCTTGG AC-3' ; 

B1R: 5'-TACGAGAATGACCACCAC 

CTCTTCTAATCATTTCTTTAAGAGT 

TAATGTTTCATATTCCATATAAGGA 

GCAGCAGTCCAAGATTTTTGAATAG 

CATTAATAGCTTTG — 3' ; 

B 2 F : 5 ? - GGGGGGCGGCCGCGGGGC 

CTAGGTAGAAATTGGGCTTGTTTCA 

CTGGTAGAAAGACTGGTAATACTTC 

TGAAAATGTTAACGTTAATACTGCT 

AGATTAGCTGGTTTAGAAG-3' ; 

B2R: 5' -CCCCC ACT AGT AGGT AAG 

CAGTAATAGGTGCAGGTTTAGGTCT 

AGGTATTCTACGAGAATGACCACCA 

CCTCTTCTAATCA-3' ; 

CI F : 5*— TTGCTTCTATGGGTATGA 

TGGAAGCTAGAATT AG AATTTTGAC 

TAATAATACTCAAACTCCTATCTTA 

TCTCCACAAGAAGTTGTCTCTTGTT 

C T C A A TATGCTCAAGGTTGTGAAGG 

TG-3* ; 

C 1 R : 5'-ATGGAGAATCAGTACCAG 
T AT ATGG A A A ACAATCT T CT TC A AC 
TAGACCAAAGTCCTGAGCATATTTA 
CCAGCAATT A AGT ATGGG A AACCAC 
CT T C AC A ACCT TG AGC A T AT TG AG A 
AC-3' ; 

C2F: 5* -GGGGGACT AGTTGGGATT 

GGAGAAATGTTCATGGTATTAACTT 

TGTTACTCCTGTTAGAAATCAAGGT 

TCATGTGGTTCTTGTTACTCATTTG 

CTTCTATGGGTATG AT G G A AG C T AG 

AATT AGAATTTTGAC-3* ; 

C2R: S'-CCCCCAAGCTTCATTACA 

ACCACCATAGAAACCACCAACATAA 

TGATATTCAGAAGAGTAATATCTGA 

AACAACCTTCTTTCAATCTACATGG 

AGAATCAGTACCAGTATATGGAAAA 

C-3' ; 

D 1 F : 5 ' -ATTATAGAAAAGGTGTTT 
ATCATCACACTGGTTTAAGAGATCC 
ATTTAATCCATTTGAGCTCACTAAT 
CATGCTGTCTTATTAGTTGGTTATG 
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GT ACTGATGCTGCTTCTG — 3' ; 
D 1 R : 5'— GTACCTCTTCTAATTCTA 
AAGTAACCATTTTCACCCCAAGAAG 
TACCCCATGAGTTCTTAACAATCCA 
AT AATCT A A A C C A G A A G C A G C A TCA 
GT ACCAT AACCAACT AAT AAG-3' ; 
D2 F : S'-GGGGGAAGCTTTGATGAA 
ATTAGAATTAGTTCATCAAGGTCCT 
ATGGCTGTTGCTTTTGAAGTCTATG 
ATGATTTCTTACATTATAGAAAAGG 10 
TGTTTATCATCACACTG — 3' ; &Xf 
D2R : S'-CCCCCCTCGAGGCGGCCG 
CTTATAATTTAGGAATAGGAGTAGC 
AGCTAAAGCAATAGATTCAATAGCA 
CATTCATCAGTACCTCTTCTAATTC 
TAAAGTAACCATTTTC-3'e 
[007 2] «*AM\ Sf?7>fV-A1 Ft A 1 R 
*»*U Ex Taq#y*5-Hf (SMttt) £JB 
WcPCR ( (9 4°Ct3 0^ 6 0°Ct*1^ 7 2°C 
t*3 0&) x 2 O-V-^ZM £fTt\ 2*«DNA^ 20 

x*/— ;u3fcI8£fTlv PCRSP5?S0 2»oitl 

(2 5jt/ I) 0TE/\*'V77-l:MLfco ZC0}#^2 
I t?7^7-A2 FtA2 R$1^L. Ex T a 
q#U*9— K (^SiStt) SffiWcPCR ( (94°C 
t«3 0», 6 0 0 CTM$3\ 7 2°Ct3 0») X2 0^ 
^ffofco itK^tlfcDN ABr**H4*U No 
t IiSpel ^«3BrLfc^. p B I u e s c r i p t 
I I KS+CDN otl-Spel PfllzffALfce Dy 
e primer cycle sequencing FS Ready Reaction Kit 30 

T-Atmi% Ltzo 

[007 3] fJSB, C. DIZOLNTtH7|Z^-r^^ 

pBluescript ll KS+|:jfALfc^7 
X= KpCT-B, pCT-C. pCT-D^#fc e p 
CT-^Afr&ttjyULfcN o t I-Sty IlffJn£pC 
T-BON o t I-Styl fcllzSALfc^XS Kp 
CT-AB, pCT-C^&fflyffiLfcSpel-Hi 40 
n d I I I Sr#£p CT-D0S p e I - H i n d I I 
iBtiALfe^SKpCT-CDtffiLfe. P 
CT-CD^bfil L JfflLf:Spe I — X h o I 8fiJi£ p 
CT-AB0SpeI-XhoI IHIzJfAL* ?7X5 
KpCTC«S 1 SftfiLfc. 

[0074] P CBU3fr£^yaiLfcCandida 
boidini i U R Aitfr^^fr 2 . 6 k b <D 
S a I I - P s t I Bfftt pFdhPT (WO 9 7/1 
0345) frSfflUBLfeCand i da boidi 

n i i ^ iis*i8iae^ so 
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— ^ia£^i?2. 1 k bCDKp n I — E c o T2 2 
iSffit^pUCI 9<DKpn I — S a I I Pall-SAL 

r. -7-^-ite^uRA3ite^r% 

fgS^7X5K P FexU3^glf: (38) . p 

ctc-si^6« y sa Lfc^^f^^vcite^^-i-t: 

No t iKft^pFe xU3(DNo t I S&ftlCffA U 
-!?V*f^»C^S?7X5 KpECTC-S 1 £ft 

sifc (as) o 

[0 0 7 5] (6-3) »Jtfitt 
*HJ£0(a> (6-2) t»fe?7X5KpECTC-S 
1?BamH I TfSOKFrL. Candida boidi 
n i i S K6 1 2*fc. S K7 4 1 tfcClJfcSfcfe Lfc e 

fr 0 *?\ G L YSJS±6 (^y-tzP— ;U3%. Yeas 
t Nitrogen Base 0. 67%, Yea 
st Extract 0. 5%JtfcpH5. 508 
tfe) *T?3 0 o CKT. 4 8B#P B 1«<t58*Lfco 30 0 
0EH£. 5^<7>ji/^T?JII*L/=»{*:^GL YSt&&± 
HfiOMYS (>^y— ;H. 5%, Yeast Ni 
trogen Base O. 67%, Yeast E 
xtractO. 5%£^t:pH5. 5 <DJg±fe) Kg® 
U *blz3 0°C|Z-C. 4 8B#PaS^5iS*Lyr 0 *S* 
3 000Elte. S^Pa^SiOfC^oT^Lfc^* 
mV-f^P3>-3 0 (rSZ3>tt) £ffll>T5 0 

fee 

[O 0 7 6] ZU I (£>miHi**±5S£. 2 0 0;/ \ <D/* 
777- (SOmM^lVi-^lVith'JW/^ 
77- (pH5. 0) . 1 OmM NaCL 1mMj8 
-^;i/*?hX^/-iW MlS0)4mM G I y c 
y I — L — pheny I a I an i n e — p — n i t r 
o a n i I ide <*>^V*± V y^fj^A7 5 KT* 

2 0 0mM(:i§iB*tfct^^) ) £;1^LfcSL. 

3 7°C-e2~ 1 0B#PiSfefiL. 4 0 5 nmlCfclt-5®3t 
fc^->* J f^>>CCD1 6. 8. 4. 2. 1. 0. 5// 

g/m i ?tJs^iSKL. ztizunt LxttMLtzmm 

fcC andida boidini i $fe£?t£<t LtS 
[0 0 7 7] 

£S#8¥) Stt<D**LfcC andida boidi 

n i \msmk^*i. zcDmm&mnbLtcfzmmizis 
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[0 0 7 8] 

SEQUENCE LISTING 
<110> Kir in Brewery Company, Limited 

<120> Candida boidinii strains and use thereof as hosts for preparing he 
terologous proteins 

<130> P98-0444 

<160> 9 
<210> 1 
<211> 3486 
<212> DNA 

<213> Candida boidini i 
<400> 1 

agatcttggt atacgcattc ttccgccaac caccaaccac cagccttcca gcaactagcc 60 

agcagcoagc agcgaggcca aagatgtggc accggcatga aacaatggct gctggtgcgg 120 

aaacaactgc ggccaggtca catctcccat tgttttccac gcgctgtttc tcgattgggc 180 

cttgtgagaa atacaaatag ggaaagcgat acatacgtaa tgtatgcaat gtatgtaatg 240 

tatgcaatta caattgttgc cctctctctt tctacggctc tttctatggc tcttctctct 300 

gtatgaaccc cactggccct atctctgtcc tctgtgtctc tatctccatc ttcoctcttt 360 

cctctttcct ctgtctttgt cttatctaca catatcactc ttattcctct tgcttgcttg 420 

ctcatccctt gaactgtgcc ctcctctccc tctctcttcc tctctcaccc ttagtattgt 480 

cttgccccaa tgcaaattct aactccattt gcaatcacat tcacatttcc tctccattca 540 

actcttcatc tttgtctctc ttatcaatta attgattaat caatcaccct cctcctatct 600 

tttactcctc tcccattacc acatcttctt atcagtctgt ctccatcacc ttctccatca 660 

aggccattat aaattaacgc ccaacaccat tgccatccat cccccattat catacaacta 720 

aagagtattc taatcaatcc atctccgttt gtcatctgtc ttcaatatca cacaagctaa 780 

tcaattccct taaagaatta atcctcttaa ttgtattgat agtcatttag cattcaccaa 840 

aatttgataa gtatagaatc taagttataa aatataaaat agaacttttc tcgttcaaac 900 

atttaaccgc ccatttccct aaaattaaag gtatataaat tacacaaatt caaccattaa 960 

aaggaaaaaa aaagaaaaaa actacttctc aaaaagaaat ctttcgcaat gaagttcaca 1020 

atcccttttt ctgtcgcttt cagtatctta gctgctacta ccttagttga tgccaaagtt 1080 

cactcaattc caattaaaaa acactcttta gaagaaactt ttaaagatat ttcttataat 1140 

gattatttag cttctttaaa gaataaatat atctcattat ataacaagca tcactaaaat 1200 

aacgccggtg aatctattga aggtgatcaa caacaccctt ttatcocatt cgttgaagtt 1260 

gtcgatggtg aattcaaaga ttcaaaaact gatgctectt taactaacta tatgaatgct 1320 

caatatttca cagaaattca attaggtacc ccaggtcaag totttaaagt tatcttagat 1380 

accggttctt ccaatttatg ggtcccaggt aaggattgtt cttctttagc ttgttactta 1440 

cactcaaagt atgatcacga tgaatcgtca acttataaga aaaacggtac cgaatttgct 1500 

attagatatg gtactggttc tttagaaggt tttgtctctt ctgatacttt aaccattgga 1560 

gatttggtta tcccagatca aggttttgct gaagccactt ctgaaccagg tttaactttt 1620 

gcctttggta aattcgatgg tatcttaggt ttagcttatg acactatctc tgtccagaaa 1680 

gttgttcctc cagtctataa agccattgat tcaggtttat tagacaaacc acaattttcc 1740 

ttctacttag gtgataccgc taaatcagaa actgatggtg gtfttgcGac ttttggtggt 1800 

atcgatgaat ctaaattcaa cggtaagctt acctggttgc ctfttagaag aaaggt;ttac 1860 

tgggaagttg cattcgatgg tgtcggatta ggttctgaat atgctocttt actaaataca 1920 

ggtgccgcca ttgatacagg tacctcttta atcgctttac catcaggttt agotgaaatc 1980 
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xxaaacxcxg 


««a #a4*4* tr c*~h rr 

aaax Lggxgc 


a 0 0 0 ot /■*4~ 

cacxaaaxcx 


XggXCXggLC 


agLaeacLdL 


fr#3 44* fl'4 tse^r* 
CgaLLgLgCO 




rr/-»4- 4 fro /r<3 4"f 

gcxagagaxx 


CLCtaccaga 


xxxaaccxxc 


a « 4"4-4"«<r^»4" <r 

aexxxageig 


0+ 4* a <^ 9 « 4» 4-4" 

gLLacaaLLL 


caeca LLggL 


01 nn 
z, 1 uu 


/** f»4- + a r- or 9 4" 4/ 
CCL LdUgdL L 


9+ 9r*++"t* 9 0*9 
dlauLL Ldgd 


a erf* + 4- #-» + o"o+ 
dgLLLC •-&&■-> 


LCLL&LdLOL 




t f* 9 9 "f" JTiT 9 4" 


L. 1 OU 


a LcecagCLC 


caa l LggLcc 


aa xggc Lace 


0-4 4" BTo+ o"o+" or 

gxxggxgaxg 


CCLLCL Ldag 


a aaaL lc tac 




XCXgXXXaCg 


*a4*+'4* n re cr 4 o 0 

aui.Laggi.aa 


0 tr«4* rrr*4" fr4*4* 

agaxgcxgxx 


gguxxagcLc 


cage La LCLa 


9 4" 4/ ft* o , 9^h4" 9 
aLLCLgdL L3 


99ftfl 


gcxxggaaag 


4-4^<a4-4-^o4-4>4- 

xxaxxcaxxx 


*4»4* rr/*«/*4* «4" 

axxgcacxax 


4* « »4* «4- err»CT+ 

xcaxaxgcgx 


n 4" o4- QO+ 9/^0 

axaxaaxace 


4-4-o+n+f+r»4- 

xxcxexxxcx 




axxgxxcaga 


cTccni Lxa 


4* 0 »**4- 4" (i *J 4* 
X 3 CLLgLL.CC 


a+4* 94*4*9 fff»4* 

aLLaLLagcL 


4/9994* n*9 999 

Laaa Lgaaaa 


94" 9 994/fl/%+4" 

aLaaa LdCL l 




xxxxgaaaca 


aaaaaxcaxg 


xxxaxgaxca 


gxxgaxxxxx 


xgxcxxcxga 


xxcxxcxcxc 


9Afin 


tattgaacca 


4-4- b+4- «4- « *»+■ 

xxgxxaxaax 


+4.- -4.4.4.4.4-4. 
xxcaxxxxxx 


tcttgatcct 


4-^4-4-4-4-44-^4- 
xcxxxxxxcx 


4*4-4- 4-4>4>4>(H-o 

xxxxxxxgxc 




tcatcttttt 


— —4.4.4-4-4-4-4.4. 

aatttttttt 


4.4. — _ _4-4. — — 

xtcggttcgg 


4-4.4-4- — -» — — — — 

ttttcaaaac 


aaaaaaaaac 


ataattgtaa 


ZooO 


aagaatatta 


exxaxaxxaa 


444 _4 - -4 -4 

xxxaxacxax 


— 4-4- —4a44Q(r 

axxaxaxxag 


94>4>94-a4/4>a4- 

axxaxaxxax 


a 4*4*4*4* a-ia^A 

axxxxaaaxc 




aaactaaatt 


aaataaacta 


xaaaxaaxxa 


xaaaagaxca 


xxaxxggxga 


«+4+ A<a #v f*r**> **3 

exxxcaggaa 




atgeaatatt 


axaaxxaxxa 


xxxxcaxgaa 


axxgaeegx x 


•a*»4"*a4'4 v 0 *r*a4- 

acxaxxagax 


4 *)4/>/«a a cr *a tr 

xcxecaagag 




atacagatga 


taattcaacc 


ctcttggatt 


tcttaaaagg 


xxgagaagaa 


gaaaxcaaaa 


LOCK) 


4- o+- «-*-4-4- CTO+- 

tatcttgatc 


4-44.-4-44 -4 

xttaxcxxct 


j._44.f _-f . 

xgxtcxaaxa 


J*» #%+ /T+4* fTf> 1 4' 

acxgxxgcxx 


xccaxcxxca 


ccaxcxcxag 


9RRH 
ZooU 


ttgatttact 


catctcacta 


tattxectet 


44 _ —4-4.4 _4 - 

ttggxtxaxc 


accaccgttg 


tacaaaccct 




TCtTTCtlCT 


cttggaattc 


ttattgtcgc 


caccgttgtc 


accgctacca 


gaattggcat 


<innn 


4- *r*r4-«*4»4- aa4- 

tggtattact 


tctgtaatgc 


xcgtttgtxx 


4- (t4-4- off n+4- 

xgxxaxxgxx 


agacaeggea 


gatccaatat 


in fin 


tagaagatgg 


n 4- 4- 4- n 4- 4- « M n 

atxxaxxaca 


gagctgttaa 


xaxxcgaxaa 


tatatcacgt 


agaxaxxxcx 


11 9n 


xaxccaxaxc 


ateatgeggt 


tcaatcctga 


cxxcxxcxcc 


xxcaxcgxcg 


A/lA (T /*** T* A A A A 

ccagcxaaac 


11 ftn 
0 I ou 


cggaagcacc 


aacaxexgea 


acacgLcgLc 


4/4-4-DrQ4-/%4-4-4- 
X LLga LCLL L 


4* 0+ f* 9 9 4r 4/ 4" 


Lg L LCdU Lg L 


?9An 


tgtaaatact 


actgetgatg 


ctactgccat 


t get act at t 


accgaxaxxg 


4-4- 0+ 4* 4- it 9 <*4- 

xxgxxxgacx 


imn 

00UU 


xaxxaxxacc 


- -4+- -444- 

axacxxcxxx 


gaexxexxcx 


4. — — — — 4-4-4*/^4" 

xaccaxxxcx 


gxaxaaaccx 


*t4- ■»» »**» /* * 4* ar4- 

gxaccaxcgx 


0001/ 
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aaaaattctt 
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ttgacataac 


3480 


atgcat 












3486 


<210> 2 














<211> 420 














<212> PRT 














<213> Candida boidini i 











<220> 

<221> matpeptide 
<222> (23) -(420) 

<220> 

<221> sig_peptide 
<220> (1) — (22) 

<400> 2 

Met Lys Phe Thr lie. Pro Phe Ser Val Ala Phe Ser lie Leu Ala Ala 

1 5 10 15 

Thr Thr Leu Val Asp Ala Lys Val His Ser lie Pro lie Lys Lys His 

20 25 30 

Ser Leu Glu Giu Thr Phe Lys Asp Me Ser Tyr Asn Asp Tyr Leu Ala 

35 40 45 

Ser Leu Lys Asn Lys Tyr lie Ser Leu Tyr Asn Lys His His Ser Asn 

50 55 60 

Asn Ala Gly Glu Ser lie Glu Gly Asp Gin Gin His Pro Phe lie Pro 
65 70 75 80 
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Phe Val Glu Val Val Asp Gly Glu Phe Lys Asp Ser Lys Thr Asp Ala 

85 90 95 

Pro Leu Thr Asn Tyr Met Asn Ala Gin Tyr Phe Thr Glu lie Gin Leu 

100 105 110 

Gly Thr Pro Gly Gin Val Phe Lys Val lie Leu Asp Thr Gly Ser Ser 

115 120 125 

Asn Leu Trp Val Pro Gly Lys Asp Cys Ser Ser Leu Ala Cys Tyr Leu 

130 135 140 

His Ser Lys Tyr Asp His Asp Glu Ser Ser Thr Tyr Lys Lys Asn Gly 
145 150 155 160 

Thr Glu Phe Ala He Arg Tyr Gly Thr Gfy Ser Leu Glu Gly Phe Val 

165 170 175 

Ser Ser Asp Thr Leu Thr lie Gly Asp Leu Val Me Pro Asp Gin Gly 

180 185 190 

Phe Ala Glu Ala Thr Ser Glu Pro Gly Leu Thr Phe Ala Phe Gly Lys 

195 200 205 

Phe Asp Gly He Leu Gly Leu Ala Tyr Asp Thr lie Ser Val Gin Lys 

210 215 220 

Val Val Pro Pro Val Tyr Lys Ala Me Asp Ser Gly Leu Leu Asp Lys 
225 230 235 240 

Pro Gin Phe Ser Phe Tyr Leu Gly Asp Thr Ala Lys Ser Glu Thr Asp 

245 250 255 

Gly Gly Val Ala Thr Phe Gly Gly Me Asp Glu Ser Lys Phe Asn Gly 

260 265 270 

Lys Thr Thr Trp Leu Pro Val Arg Arg Lys Ala Tyr Trp Glu Val Ala 

275 280 285 

Phe Asp Gly Val Gly Leu Gly Ser Glu Tyr Ala Pro Leu Thr Asn Thr 

290 295 300 

Gly Ala Ala lie Asp Thr Gly Thr Ser Leu Me Ala Leu Pro Ser Gly 
305 310 315 320 

Leu Ala Glu Me Leu Asn Ser Glu Me Gly Ala Thr Lys Ser Trp Ser 

325 330 335 

Gly Gin Tyr Thr I le Asp Cys Ala Ala Arg Asp Ser Thr Pro Asp Leu 

340 345 350 

Thr Phe Thr Leu Ala Gly Tyr Asn Phe Thr lie Gly Pro Tyr Asp Tyr 

355 360 365 

Thr Leu Glu Val Ser Gly Ser Cys Me Ser Ser Phe Thr Pro Met Asp 

370 375 380 

Me Pro Ala Pro Me Gly Pro Met Ala Thr Val Gly Asp Ala Phe Leu 
385 390 395 400 

Arg Lys Phe Tyr Ser Val Tyr Asp Leu Gly Lys Asp Ala Val <aly Leu 
405 410 415 

Ala Pro Ala I le 
420 

<210> 3 
<211> 1263 
<212> DNA 

<213> Candida boidini i 



<400> 3 
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atgaagttca caatcccttt ttctgtcgct ttcagtatct tagctgctac taccttagtt 60 
gatgccaaag ttcactcaat tccaattaaa aaacactctt tagaagaaac ttttaaagat 120 
atttcttata atgattattt agcttcttta aagaataaat atatctcatt atataacaag 180 
catcactcaa ataacgccgg tgaatctatt gaaggtgatc aacaacaocc ttttatccca 240 
ttcgttgaag ttgtcgatgg tgaattcaaa gattcaaaaa ctgatgctcc tttaactaac 300 
tatatgaatg ctcaatattt cacagaaatt caattaggta ccccaggtca agtctttaaa 360 
gttatcttag ataccggttc ttccaattta tgggtcccag gtaaggattg ttcttcttta 420 
gcttgttact tacactcaaa gtatgatcac gatgaatcgt caacttataa gaaaaacggt 480 
accgaatttg ctattagata tggtactggt tctttagaag gttttgtctc ttctgatact 540 
ttaaccattg gagatttggt tatcccagat caaggttttg ctgaagccac ttctgaacca 600 
ggtttaactt ttgcctttgg taaattcgat ggtatcttag gtttagctta tgacactatc 660 
tctgtccaga aagttgttcc tccagtctat aaagccattg attcaggttt attagacaaa 720 
ccacaatttt ccttctactt aggtgatacc gctaaatcag aaactgatgg tggtgttgcc 780 
acttttggtg gtatcgatga atctaaattc aacggtaagc ttacctggtt gcctgttaga 840 
agaaaggctt actgggaagt tgcattcgat ggtgtcggat taggttctga atatgctcct 900 
ttactaaata caggtgccgc cattgataca ggtacctctt taatcgcttt accatcaggt 960 
ttagctgaaa tcttaaactc tgaaattggt gccactaaat cttggtctgg tcagtacact 1020 
atcgattgtg ccgctagaga ttctctacca gatttaacct tcactttagc tggttacaat 1080 
ttcaccattg gtccttacga ttatacttta gaagtttctg gttcttgtat ctcttctttc 1140 
actccaatgg atatcccagc tccaattggt ccaatggcta ccgttggtga tgccttctta 1200 
agaaaattct actctgttta cgatttaggt aaagatgctg ttggtttagc tccagctatc 1260 
taa 1263 
<210> 4 
<211> 22 
<212> PRT 

<213> Candida boidini i 
<400> 4 

Met Lys Phe Thr lie Pro Phe Ser Val Ala Phe Ser lie Lou Ala Ala 

1 5 10 15 

Thr Thr Leu Val Asp Ala 
20 

<210> 5 
<211> 236 
<212> PRT 

<213> Candida boidini i 
<400> 5 

lie Asp Thr Gly Val Ser Val Thr His Glu Glu Phe Asp Gly Arg Ala 

15 10 15 

Lys Trp Gly Lys Thr He Pro Thr Asp Asp Ser Asp Val Asp Gly Asn 

20 25 30 

Gly His Gly Thr His Cys Ala Gly Thr He Gly Ser Lys Asp Tyr Gly 

35 40 45 

lie Ser Lys Asn Ala Glu lie Val Ala Val Lys Val Leu Lys Thr Asn 

50 55 60 

Gly Ser Gly Thr Met Ser Asp Val Val Lys Gly Val Glu Phe Ala Ala 
65 70 75 80 

Asn Ala His He Lys Ala Leu Lys Glu Ser Lys Pro Gly Phe Lys Gly 
85 90 95 
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Ser Thr Ala Asn Met Ser Leu Gly Gly Gly Lys Ser 

100 105 
Leu Ala Val Asn Ala Aia Val Lys Ala Gly Leu His 

115 120 
Ala Gly Asn Asp Asn Ala Asp Ala Cys Asn Tyr Ser 
130 135 140 

Glu Lys Ala Val Thr Val Gly Ala Ser Thr Leu Ser 
145 150 155 

Tyr Phe Ser Asn Phe Gly Lys Cys Val Asp lie Phe 

165 170 
Asn lie Leu Ser Thr Tyr lie Gly Ser Asp Ser Ala 

180 185 
Ser Gly Thr Ser Met Aia Ser Pro His Val Cys Gly 

195 200 
Phe Leu Ser Leu Gin Pro Glu Ser Glu Ser Leu Phe 
210 215 220 

Ile Thr Pro Asp Gin Leu Lys Lys Asn lie Ile Asp 
225 230 235 

<210> 6 
<211> 708 
<212> DNA 

<213> Candida boidinii 
<400> 6 

atcgatactg gtgtttctgt tacccatgaa gaattcgatg gtagagctaa atggggtaaa 150 
accatcccaa ctgatgaetc tgatgttgat ggtaacggtc acggtactca ctgtgccggt 120 
accattggtt ctaaagatta cggtatctca aagaatgctg aaatcgttgc cgttaaagtc 180 
ttaaagacta atggttcagg taccatgtct gatgtcgtta aaggtgttga atttgctgct 240 
aacgctcata tcaaggcatt aaaggaatct aaaccgggtt tcaaaggttc tactgccaat 300 
atgtccttag gtggtggtaa atcaccagct ttagacttag ctgttaatgc tgctgttaaa 360 
gctggtttac atttcgccgt tgctgcaggt aatgataacg ctgatgcttg taactattct 420 
ccagctgctg ctgaaaaggc tgttaccgtt ggtgcttcaa ctttatctga ttctagagct 480 
tacttttcca atttcggtaa atgtgttgat atttttgctc caggtttaaa tatcttatct 540 
acttatattg gttctgattc tgctacagct gttttaagtg gtacttcaat ggcctctcca 600 
cacgtttgtg gtttattaac ttatttctta tctttacaac cagaatctga atccttattt 660 
tcaactgctg ctattacccc agatcaatta aagaaaaata ttatcgat 708 
<210> 7 
<211> 1806 
<212> DNA 
<213> Bovine 
<400> 7 

gcacgaggcg gctcgtcgct ctcttgctgc tcgtctatgg cgctggctcc gtgcgcgggg 60 
acacgcctgc caactgcacc taccccgacc tgctgggcac ctgggtcttc caggtgggct 120 
ccagcggctc ccagcgcgat gtcaactgct cggtgatggg accoccagaa aaaaaagtgg 180 
tggtgcacct caagaagttg gatacagcat atgatgactt tggcaattcc ggccatttca 240 
ccatcattta caatcaaggc tttgagattg tgttgaatga ctacaagtgg ttcgoctttt 300 
ttaagtataa agaagagggt ggcaaggtaa ccagttactg ccacgagacc atgactggct 360 
gggtccatga cgtgctgggc cggaactggg cctgtttcac tggaaggaag acaggaaata 420 
cctcggagaa cgtgaacgtg aacacagcac gccttgcggg tctcgaggaa acgtattcta 480 
ataggctcta cagatataac catgactttg tgaaagctat caatgccatt cagaagtctt 540 



Pro Ala Leu Asp 
110 

Phe Ala Val Ala 
125 

Pro Ala Ala Aia 

Asp Ser Arg Ala 
160 

Ala Pro Gly Leu 
175 

Thr Ala Val Leu 
190 

Leu Leu Thr Tyr 
205 

Ser Thr Ala Ala 
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<210> 8 














<211> 1377 














<212> DNA 














<213> Bovine 













<400> 8 

acg agg egg etc gtc get etc ttg ctg etc gtc tat ggc get ggc tec 48 
Thr Arg Arg Leu Val Ala Leu Leu Leu Leu Val Tyr Gly Ala Gly Ser 

15 10 15 

gtg cgc ggg gac acg cct gee aac tgc ace tac ccc gac ctg ctg ggc 96 
Val Arg Gly Asp Thr Pro Ala Asn Gys Thr Tyr Pro Asp Leu Leu Gly 

20 25 30 

acc tgg gtc ttc cag gtg ggc tec age ggc tec cag cgc gat gtc aac 144 
Thr Trp Val Phe Gin Val Gly Ser Ser Gly Ser Gin Arg Asp Val Asn 

35 40 45 

tgc teg gtg atg gga ccc cca gaa aaa aaa gig gtg gtg cac etc aag 192 
Cys Ser Val Met Gly Pro Pro Glu Lys Lys Val Val Val His Leu Lys 

50 55 60 

aag ttg gat aca gca tat gat gac ttt ggc aat.tcc'tfc cat ttc acc 240 
Lys Leu Asp Thr Ala Tyr Asp Asp Phe Gly Asn Ser Gly His Phe Thr 
65 70 75 80 

ate att tac aat caa ggc ttt gag att gtg ttg aat gac tac aag tgg 288 
Me lie Tyr Asn Gin Gly Phe Glu lie Val Leu Asn Asp Tyr Lys Trp 

85 90 95 

ttc gec ttt ttt aag tat aaa gaa gag ggt ggc aag gta acc agt tac 336 
Phe Ala Phe Phe Lys Tyr Lys Glu Glu Gly Gly Lys Val Thr Ser Tyr 

100 105 110 

tgc cac gag acc atg act ggc tgg gtc cat gac gtg ctg ggc egg aac 384 
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Cys His Glu Thr Met Thr Gly Trp Val His Asp Val Leu Gly Arg Asn 

115 120 125 

tgg gec tgt ttc act gga agg aag aca gga aat acc teg gag aac gtg 432 
Trp Ala Cys Phe Thr Gly Arg Lys Thr Gly Asn Thr Ser Glu Asn Val 

130 135 140 

aac gtg aac aca gca cgc ctt gcg ggt etc gag gaa acg tat tct aat 480 
Asn Val Asn Thr Ala Arg Leu Ala Gly Leu Glu Glu Thr Tyr Ser Asn 
145 150 155 160 

agg etc tac aga tat aac cat gac ttt gtg aaa get ate aat gec att 528 
Arg Leu Tyr Arg Tyr Asn His Asp Phe Val Lys Ala lie Asn Ala lie 

165 170 175 

cag aag tct tgg act gca gec cca tac atg gaa tat gag act ctt acc 576 
Gin Lys Ser Trp Thr Ala Ala Pro Tyr Met Glu Tyr Glu Thr Leu Thr 

180 185 190 

eta aaa gag atg att agg aga ggt ggt ggc cat age egg aga att cca 624 
Leu Lys Glu Met lie Arg Arg Gly Gly Gly His Ser Arg Arg lie Pro 

195 200 205 

agg ccc aaa cct gca cca ate act get gaa ata cag aaa aag att ttg 672 
Arg Pro Lys Pro Ala Pro lie Thr Ala Glu lie Gin Lys Lys lie Leu 

210 215 220 

cat ttg cca aca tec tgg gat tgg aga aac gtt cat ggt ate aat ttt 720 
His Leu Pro Thr Ser Trp Asp Trp Arg Asn Val His Gly lie Asn Phe 
225 230 235 240 

gtt act cct gtt cga aac caa ggg tct tgt gga age tgc tac tea ttt 768 
Val Thr Pro Val Arg Asn Gin Gly Ser Cys Gly Ser Cys Tyr Ser Phe 

245 250 255 

get tct atg ggg atg atg gaa gca aga ate cgc ata eta acc aac aac 816 
Ala Ser Met Gly Met Met Glu Ala Arg He Arg lie Leu Thr Asn Asn 

260 265 270 

act cag acc ccg ate ttg agt cct cag gag gtt gtg tct tgc agt cag 864 
Thr Gin Thr Pro lie Leu Ser Pro Gin Giu Val Val Ser Cys Ser Gin 

275 280 285 

tat get caa ggc tgt gaa ggt ggc ttc cct tac etc ate gca ggg aag 912 
Tyr Ala Gin Gly Cys Glu Gly Gly Phe Pro Tyr Leu Me Ala Gly Lys 

290 295 300 

tat gee cag gac ttt ggg ttg gtg gaa gag gac tgt ttc ccc tac aca 960 
Tyr Aia Gin Asp Phe Gly Leu Val Glu Glu Asp Cys Phe Pro Tyr Thr 
305 310 315 320 

ggc acg gat teg ccg tgc aga ctg aaa gag ggc tgc ttc egg tac tat 1008 
Giy Thr Asp Ser Pro Cys Arg Leu Lys Glu GJy Cys Phe Arg Tyr Tyr 

325 330 335 

tec tec gag tac cac tac gtg ggc ggt ttc tac ggg ggc tgc aat gaa 1056 
Ser Ser Glu Tyr His Tyr Val Gly Giy Phe Tyr Gly Gly Cys Asn Glu 

340 345 350 

gee ctg atg aag ctt gag ctg gtc cat cag ggg ccc atg gee gtc gee 1104 
Ala Leu Met Lys Leu Glu Leu Val His Gin Gly Pro Met Aia Val Aia 

355 360 365 

ttt gaa gtc tac gac gac ttc etc cac tac cgc aag ggc gtc tac eac 1152 
Phe Glu Val Tyr Asp Asp Phe Leu His Tyr Arg Lys Giy Val Tyr His 
370 375 380 



* 
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cac acg ggg ctg cga gac cct ttc aac ccc ttc gag ctg acc aat cat 1200 
His Thr Gly Leu Arg Asp Pro Phe Asn Pro Phe Glu Leu Thr Asn His 
385 390 395 400 

get gtg ctg ctg gtg ggc tat ggc act gac gcg gec tct gga ctg gat 1248 
Ala Vai Leu Leu Val Gly Tyr Gly Thr Asp Ala Ala Ser Gly Leu Asp 

405 410 415 

tac tgg att gtt aaa aac age tgg ggc acc age tgg ggt gag aac ggt 1296 
Tyr Trp Me Val Lys Asn Ser Trp Gly Thr Ser Trp Gly Glu Asn Gly 

420 425 430 

tac ttc cgc ate cgc aga gga acc gac gag tgt gcg ate gaa age ata 1344 
Tyr Phe Arg He Arg Arg Gly Thr Asp Glu Gys Ala lie Glu Ser lie 

435 440 445 

gcg ctg gcg gec acc ccg att cct aag ttg tag 1377 
Ala Leu Ala Ala Thr Pro Me Pro Lys Leu 

450 455 
<210> 9 
<211> 1402 
<212> DNA 

<213> Artificial Sequence 



<400> 9 






gcggccgcat 


gaagttcaca 


attccttttt 


ctttagttga 


tgctgatact 


ccagctaatt 


tctttcaagt 


tggttcttct 


ggttcacaaa 


cagagaagaa 


agttgtcgtt 


cacttaaaga 


attctggtca 


tttcactatt 


atctataatc 


aatggtttgc 


tttctttaaa 


tataaagaag 


aaactatgac 


aggttgggtt 


catgatgtcc 


gaaagactgg 


taatacttct 


gaaaatgtta 


aagaaacata 


ctctaataga 


ttatatcgtt 


ctattcaaaa 


atcttggact 


gctgctcctt 


aaatgattag 


aagaggtggt 


ggtcattctc 


ttactgctga 


aattcagaag 


aaaatcttac 


ttcatggtat 


taactttgtt 


actcctgtta 


catttgette 


tatgggtatg 


atggaagcta 


ctcctatctt 


atctccacaa 


gaagttgtct 


gtggtttccc 


atacttaatt 


gctggtaaat 


attgttttcc 


atatactggt 


actgattctc 


attactcttc 


tgaatatcat 


tatgttggtg 


tgaaattaga 


attagttcat 


caaggtccta 


tcttacatta 


tagaaaaggt 


gtttatcatc 


ttgagctcac 


taatcatget 


gtcttattag 


tagattattg 


gattgttaag 


aactcatggg 


gaattagaag 


aggtactgat 


gaatgtgcta 


ttcctaaatt 


ataageggee 


gc 



5 h* P CPRA1©«IR8l*JfeBI^-r. 
f*p DPRA1 <r>m9k&M£ix+. 



getgetacta 


60 


ggtacttggg 


120 


atgggtcctc 


180 


gattttggta 


240 


aatgattata 


300 


tattgtcatg 


360 


ttcactggta 


420 


gctggtttag 


480 


gctattaatg 


540 


actcttaaag 


600 


cctgcaccta 


660 


tggagaaatg 


720 


tcttgttact 


780 


aatactcaaa 


840 


ggttgtgaag 


900 


gttgaagaag 


960 


tgtttcagat 


1020 


gaagctttga 


1080 


tatgatgatt 


1140 


tttaatccat 


1200 


gcttctggtt 


1260 


ggttacttta 


1320 


gctactccta 


1380 




1402 



1133] CCDHI&C andida boidinii 
SK612*fU SK740&. SK7 4 1 &<D P E P 4 

[14] Z<DmitZfn^r-(±~ tfBii&f-Xtf. 

50 5 Kp CP RBI. P CP1RB2<DftJKiMiJ&1l£^ 



ctgtcgcttt ctctatctta 
gtacatatcc agatctatta 
gagatgttaa ttgttctgtt 
aacttgatac tgcttatgat 
aaggtttcga aattgtcttg 
aaggtggtaa agttacttct 
taggtagaaa ttgggcttgt 
aegttaatae tgctagatta 
ataatcatga tttcgtcaaa 
atatggaata tgaaacatta 
gtagaatacc tagacctaaa 
acttacctac tagttgggat 
gaaatcaagg ttcatgtggt 
gaattagaat tttgactaat 
cttgttctca atatgetcaa 
atgctcagga ctttggtcta 
catgtagatt gaaagaaggt 
gtttctatgg tggttgtaat 
tggctgttgc ttttgaagtc 
acactggttt aagagatcca 
ttggttatgg tactgatget 
gtacttcttg gggtgaaaat 
ttgaatctat tgetttaget 
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(54) CANDIDA BOIDINII STRAIN HAVING DECREASED PROTEASE ACTIVITY AND ITS USE AS HOST CELL FOR PRODUCTION OF 
HETEROLOGOUS PROTEIN 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain the subject new strain consisting of a Candida 
boidinii strain having decreased protease activity, enabling high expression of 
heterologous genes, and usable e.g. as host cells capable of producing useful 
heterologous proteins, such as cathepsin C, in a high yield. 

SOLUTION: This strain is a new Candida boidinii strain having decreased protease 
activity (e.g. Candida boidinii SK 741 strain), enables high expression of heterologous 
genes, and is capable of producing useful heterologous proteins, such as cathepsin C, in 
high yield. This new strain is obtained by separating chromosomal DNAs from Candida 
boidinii ATCC 48180 strain, preparing a genomic library by using the chromosomal DNAs, 5ri00 
screening the library by a probe to yield a proteinase A gene, elucidating the base 
sequence of the proteinase A gene, constituting a protease gene-disruptive plasmid, 
preparing a transformant by using the plasmid to acquire a protease gene-deficient 
strain. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The Candida BOIJINI (Candidaboidinii) stock with which protease activity fell. 

[Claim 2] The Candida BOIJINI stock according to claim 1 lost by Proteinase A, proteinase B, or the protease activity of the both. 
[Claim 3] The Candida BOIJINI stock according to claim 2 which are 740 shares of Candida BOIJINI [ 774 shares of ] SK, SK [ 741 
shares of ], and SK, or 775 shares of SK. 

[Claim 4] The proteinic manufacture approach which carries out a transformation by the expression vector containing the gene which 
carries out the code of the useful different-species protein for the Candida BOIJINI stock according to claim 1 to 3, and includes 
collecting the different-species protein cultivated and generated in the suitable culture medium. 
[Claim 5] The approach according to claim 4 different-species protein is cathepsin C. 

[Claim 6] The approach containing DNA to which an expression vector adjoins the five prime end of the gene which carries out the code 

of the different-species protein, and carries out the code of the secretion transit peptide array according to claim 4 or 5. 

[Claim 7] The approach according to claim 6 a secretion transit peptide array is the thing of the protease protein origin. 

[Claim 8] The approach according to claim 7 a secretion transit peptide array consists of an amino acid sequence shown in the array 

number 4. 

[Claim 9] The proteinase A of the Candida BOIJINI stock origin which one or more amino acid has deletion and the amino acid sequence 
permuted, inserted and/or added so that it may have at least 80% of homology in the amino acid sequence of the place [ 23rd ] - the 
420th place shown in the array number 2, or its array, and has protease activity, or its derivative. 

[Claim 10] DNA which carries out the code of the proteinase A of the Candida BOIJINI stock origin according to claim 9, or its 
derivative. 

[Claim 11] The precursor proteinase A of the Candida BOIJINI stock origin in which one or more amino acid has deletion and the amino 
acid sequence permuted, inserted and/or added so that it may have at least 80% of homology in the amino acid sequence shown in the 
array number 2, or its array, or its derivative. 

[Claim 12] DNA which carries out the code of the precursor proteinase A of the Candida BOIJINI stock origin according to claim 11, or 
its derivative. 

[Claim 13] DNA according to claim 12 which has the base sequence shown in the array number 3. 

[Claim 14] The proteinase B or its derivative of the Candida BOIJINI stock origin which one or more amino acid has deletion and the 
amino acid sequence permuted, inserted and/or added so that it may have at least 80% of homology in the amino acid sequence shown 
in the array number 5, or its array, and has protease activity. 

[Claim 15] DNA which carries out the code of the proteinase B of the Candida BOIJINI stock origin according to claim 14, or its 
derivative. 

[Claim 16] DNA according to claim 15 which has the base sequence shown in the array number 6. 

[Claim 1 7] Secretion transit peptide of the Candida BOIJINI origin proteinase A which consists of an amino acid sequence shown in the 
array number 4. 

[Claim 18] 741 shares of Candida BOIJINI SK. 

[Claim 19] The manufacture approach of cathepsin C which carries out a transformation by the expression vector containing the gene 
which carries out the code of the cathepsin C for 741 shares of Candida BOIJINI SK, and includes collecting the cathepsin C cultivated 
and generated in the suitable culture medium. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacturing method of different-species protein using the Candida BOIJINI stock 
and this Candida BOIJINI stock which have DNA which changed the protease gene of Candida BOIJINI (Candida boidinii), and this 
protease gene as a host. If the protein manifestation system which makes this Candida BOIJINI stock a host is used, object different- 
species protein is producible with sufficient yield. Moreover, this invention relates to the manufacturing method of the different-species 
protein using the secretion manifestation system of different-species protein which uses this transit peptide for the secretion 
manifestation of the different-species protein which makes Candida BOIJINI a host about useful transit peptide, and this secretion 
manifestation system. 
[0002] 

[Description of the Prior Art] Methanol-utilizing yeast Candida BOIJINI has been developed as an effective host of a different-species 
protein manifestation system in recent years. If the alcohol oxidase which exists in a methanol utilization path, dihydroxyacetone 
synthase, and formic-acid dehydrogenase are cultivated under methanol existence, remarkable production is carried out and the 
manifestation approach of a heterologous gene using the control region of those genes is studied (JP,5-344895,A, international 
disclosure the WO No. 97/10345 etc.). However, the object product may be disassembled by the protease of the host origin when 
producing different-species protein by gene recombination. In such a case, the volume of object protein decreases and purification of 
object protein becomes difficult by mixing of a proteolysis product. 

[0003] In order to avoid the problem of disassembly of the object protein produced by gene recombination, the culture approach which 
checks the protease activity which disassembles object protein has been used. For example, it is possible to check a protease operation 
by adjusting pH of the culture medium which cultivates recombinant. However, this approach will affect growth of the host yeast which 
discovers different-species protein of a certain kind, and is effective only for disassembly of the protein in the outside of a cell. 
[0004] By on the other hand using the stock which inactivated Proteinase A and proteinase B in yeast Saccharomyces cerevisiae and 
Pichia pastoris as a protease deficit stock the example of having made the inside of a biomass and the protein production outside a 
biomass increase is shown (the Patent Publication Heisei No. 506117 [ six to ] official report — ) Weis, H.M. et al., FEBS Lett., 377,451 
(1995), Inoue, K. et al., Plant Cell Physiol., 38 (3), 366 (1997). 

[0005] Proteinase A and proteinase B are the proteases which carry out localization to a vacuole, and the code is carried out by PEP4 
gene and PRB1 gene, respectively. According to research of yeast Saccharomyces cerevisiae, Proteinase A and proteinase B activate 
another proteases, such as themselves and Carboxypeptidase Y, (12 vandenHazel, H.B. et al., YEAST, 1 (1996)). By the way, although it 
was not known at all about using a protease deficit stock in order to raise a protein volume when making a heterologous gene discover 
using Candida BOIJINI, there was a trouble as shown in the following which resists such remembrance in this contractor. 
[0006] Saccharomyces cerevisiae and Pichia pastoris differ from Candida BOIJINI intrinsically in mycology, and many metabolic turnover 
physiological difference exists. So, it is guessed easily that proteolysis devices differ. The knowledge about the proteolysis activity which 
exists in Candida BOIJINI for the moment does not exist at all. Without this invention persons this time Saccharomyces cerevisiae, 
Although it was found out in Pichia pastoris that activity remains about 40% in Candida BOIJINI to which the carboxypeptidase Y which 
loses activity thoroughly suffered a loss in the proteinase A gene by the proteinase A genetic defect It is shown that this example also 
differs from the thing of other two yeast of the above [ the proteolysis device of Candida BOIJINI ]. 

[0007] Acquisition of a protease deficit stock is acquired by screening of a variant, and gene disruption. In order to screen a variant, it 
must analyze about a huge number of variants, and in Candida BOIJINI which does not have sporulation ability unlike Saccharomyces 
cerevisiae and Pichia pastoris, it is impossible to analyze whether variation was introduced only into the target gene by crossing. The 
revertant which returns to the condition before the characteristic which furthermore varied varying may also happen. On the other hand, 
since it is possible to make only the target gene suffer a loss as for a gene destructive procedure, it is effective technique, but in order 
to perform gene disruption, a host's object gene field must be gained. However, such a protease about Candida BOIJINI and the 
knowledge about the gene are not acquired at all to current. Therefore, improvement in the productivity in the manifestation system 
using the protease deficit stock of Candida BOIJINI was not considered at all until now. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the protease originating in Candida BOIJINI, DNA which has 
the base sequence which carries out the code of the protease, and the Candida BOIJINI stock in which the protease gene carried out 
deletion. Moreover, it aims at offering the secretory production approach of different-species protein of having used transit peptide 
useful in a yeast secretion manifestation system, and its transit peptide for the DNA array which carries out the code of the secretion 
transit peptide originating in the protease protein. 
[0009] 

[Means for Solving the Problem] this invention persons came to complete this invention by analyzing the protease gene of the 
methanol-utilizing yeast Canidida boidinii, and attaining the high manifestation of a heterologous gene using a protease deletion Candida 
BOIJINI stock, as a result of inquiring wholeheartedly that the efficient manifestation of a heterologous gene should be attained. This 
invention offers the Candida BOIJINI stock with which protease activity fell. Here, as for a protease, it is desirable that it is what 
participates in disassembly of the different-species protein generated by the manifestation with a recombination technique. On the 
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whole by making at least one activity of the kind of protease lose, protease activity can be reduced. 

[0010] In the embodiment of this invention, this invention offers the Candida BOIJINI stock lost by Proteinase A, proteinase B, or the 
protease activity of the both. More specifically, such strain is 740 shares of Candida BOIJINI [ 774 shares of] SK, SK [ 741 shares of], 
and SK, or 775 shares of SK. The transformation of this invention is carried out by the expression vector which contains the gene which 
carries out the code of the useful different-species protein for this above-mentioned Candida BOIJINI stock again, and the proteinic 
manufacture approach including collecting the different-species protein cultivated and generated in the suitable culture medium is 
offered. 

[001 1] In the embodiment of this invention, a transformation is carried out by the expression vector which contains in this invention the 
gene which carries out the code of the cathepsin C for 741 shares of Candida BOIJINI SK, and the manufacture approach including 
collecting the cathepsin C cultivated and generated in the suitable culture medium of cathepsin C is included. An expression vector can 
contain DNA which adjoins the five prime end of the gene which carries out the code of the different-species protein, and carries out 
the code of the secretion transit peptide array. Transit peptide has the role which conveys the precursor protein compounded with the 
Golgi body to the film, and will be cut by the signal peptidase, and maturation protein will be secreted out of a cell as a result. A 
secretion transit peptide array consists of a thing of the protease protein origin, and an amino acid sequence more specifically shown in 
the array number 4 of the proteinase A origin of Candida BOIJINI in the embodiment of this invention. 

[0012] This invention offers further the proteinase A of the Candida BOIJINI stock origin which one or more amino acid has deletion and 
the amino acid sequence permuted, inserted and/or added so that it may have at least 95% of homology more preferably, and has 
protease activity, or its derivative at least 90% preferably at least 80% in the amino acid sequence of the place [ 23rd ] - the 420th place 
shown in the array number 2, or its array. This invention also offers DNA which carries out the code of the proteinase A of the above- 
mentioned Candida BOIJINI stock origin, or its derivative further again. 

[0013] In the amino acid sequence shown in the array number 2, or its array, at least 80%, preferably, this invention offers the precursor 
proteinase A of the Candida BOIJINI stock origin in which one or more amino acid has deletion and the amino acid sequence permuted, 
inserted and/or added, or its derivative at least 90% again so that it may have at least 95% of homology more preferably. This invention 
also offers DNA which carries out the code of the precursor proteinase A of the further above-mentioned Candida BOIJINI stock origin, 
or its derivative. Specifically, this DNA can have the base sequence shown in the array number 3. 

[0014] This invention offers preferably the proteinase B of the Candida BOIJINI stock origin which one or more amino acid has deletion 
and the amino acid sequence permuted, inserted and/or added so that it may have at least 95% of homology more preferably, and has 
protease activity, or its derivative at least 90% at least 80% again in the amino acid sequence shown in the array number 5, or its array. 
This invention also offers DNA which carries out the code of the proteinase B of the further above-mentioned Candida BOIJINI stock 
origin, or its derivative. Specifically, this DNA has the base sequence shown in the array number 6. 

[0015] DNA which carries out the code of the proteinases A and B of the Candida BOIJINI stock or the precursor proteinases A and B, 
and them Baker's yeast (Saccharomyces cerevisiae) or the proteinase A of Pichia pastoris (Pichia pastoris) Although it has the similarity 
on PEP4 and PRB1 gene which carry out the code of B and them, and an array The proteinases A and PEP4 of Saccharomyces 
cerevisiae or Pichia pastoris and PRB1 gene have homology lower than both 80%, and the amino acid differs from a DNA array 
intrinsically. So, the above-mentioned "derivative" in this invention means that variation, such as a permutation, deletion, insertion, or 
addition, may be included as long as the protease activity made into the object is acquired, and/or as long as it has at least 95% of 
homology more preferably at least 90% at least 80% with those arrays in the array shown in the array numbers 2 and 3 or the array 
numbers 5 and 6. Moreover, a DNA array with sufficient homology to destroy the homologous gene on DNA with the base sequence of 
the arbitration which carries out the code of the same amino acid sequence to the amino acid sequence shown in the array number 2 or 
5 intrinsically, or a chromosome is also included in the derivative of this invention. For example, even if the 6th "the g" of the base 
sequence shown by the array number 3 is permuted by "a", as long as the protease activity made into the object of this invention is 
acquired, it means that this permuted array is also included in this invention. It is also possible to express to have the array which 
includes substantially the amino acid sequence or base sequence the derivative of this invention is indicated to be to the array numbers 
2, 3, and 5 or 6 in both protein and DNA at this point. This invention offers the secretion transit peptide of the Candida BOIJINI origin 
proteinase A which consists of an amino acid sequence shown in the array number 4 again. 
[0016] 

[Embodiment of the Invention] The protease deletion Candida BOIJINI stock to which proteolysis activity fell remarkably to the old 
stock by this invention when the base sequence which carries out the code of the protease of Candida BOIJINI had [ production of this 
protease ] this alteration DNA in DNA (a permutation, deletion, insertion, addition, etc.) changed so that it might be controlled at least, 
DNA by which the transformation marker gene was inserted in the base sequence which carries out the code of this protease preferably, 
and a list is offered. 

[0017] It not only does not produce the wild type proteinase A at all, but as an example of such a stock, it is the Candida BOIJINI stock 
permuted with PEP4 gene with which PEP4 gene which carries out the code of the proteinase A of a wild type was changed as 
mentioned above, and, originally protease activity activated by Proteinase A, such as Carboxypeptidase Y and proteinase B r is 
remarkably controlled on this stock. Moreover, the Candida BOIJINI stock permuted with PRB1 gene with which PRB1 gene which 
carries out the code of the proteinase B in addition to PEP4 gene was changed as mentioned above can also be created, and it is 
expected on a PEP4 deletion stock in such a duplex variant that the proteinase-B activity it is supposed that activity remains slightly 
will not be detected at all, either. The Candida BOIJINI stock and PEP4 deletion stock with which protease activity fell, and PEP4 and a 
PRB1 deletion stock have the description of holding the proliferation potential force equivalent to a wild strain under the culture 
condition which used the nutrition culture medium. As for this, the existence of these genes means not affecting growth of Candida 
BOIJINI under nutrition conditions. Therefore, the yeast with which the protease activity by this invention was controlled is the host who 
excelled for different-species protein production. Especially the yeast concerned can produce the different-species protein of protease 
susceptibility efficiently. 

[0018] The transformant obtained by carrying out a transformation by the expression vector which contains the gene (namely, 
heterologous gene) which carries out the code of the different-species protein for this further above-mentioned Candida BOIJINI stock 
by this invention is cultivated, and the manufacture approach of different-species protein including collecting object protein from a 
biomass or a culture supernatant is offered. Although a heterologous gene means the gene of arbitration set as the object of a 
manifestation here, for example, cathepsin C, an epidermal growth factor (EGF), insulin like growth factor 1 (IGF-1), a human serum 
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albumin, erithropoietin (EPO), SUROMBOPOI ethyne (TPO), etc. are mentioned, it is not limited to these. Moreover, a heterologous gene 
may be obtained by what kind of technique. 

[0019] Moreover, an expression vector can adjoin and (namely, furan king) contain DNA which carries out the code of the transit peptide 
array for secretion of different-species protein in the five prime end of the gene which carries out the code of this different-species 
protein. It makes it possible to make this secrete the different-species protein generated by manifestation out of a cell. As this 
secretion transit peptide, the transit peptide of the proteinase A of the signal sequence which cathepsin C originally has, the secretion 
transit peptide array of alpha factor of baker's yeast, and Candida BOIJINI can be used, for example. 

[0020] In the embodiment of this invention, the gene which carries out the code of the cathepsin C which is the JIPEPUCHIJIRU 
protease of the cow origin as a heterologous gene is illustrated. This enzyme is a protease which disassembles [ each ] two amino acid 
from a proteinic amino terminal, and is a useful enzyme on industry. It is characterized as this new gene being the amino acid sequence 
shown in the array number 8, and protein which has the same amino acid sequence substantially. Cathepsin C becomes the maturation 
protein which it is discovered as an inactive precursor (pre pro object), and the pre peptide field which functions as a secretion signal by 
subsequent processing is cut, a pro peptide field is cut continuously, and has activity. A pro peptide field is a peptide fragment generally 
contained in a proteinic inactive precursor, cutting clearance of this ** PUCHIDO is carried out by the specific protease etc. from an 
inactive precursor, and activity peculiar to the protein is shown. Therefore, the pro peptide array of cow cathepsin C and the Pori ** 
PUCHIDO array which constitutes the maturation protein following it are required for activation in the secretion process of this enzyme. 
For this reason, it is required for the secretion manifestation in the yeast of this enzyme to add the signal sequence for secretion to the 
amino terminal of the pro peptide of cathepsin C. the thing of the above-mentioned instantiation as this secretion transit peptide — the 
transit peptide of the proteinase A of Candida BOIJINI can be used preferably. Moreover, for the manifestation of this protein, especially 
the above-mentioned protease genetic defect stock was useful. 

[0021] Therefore, the manufacture approach of cow origin cathepsin C using the Candida BOIJINI stock with which protease activity fell 
to the Candida BOIJINI stock which produces cathepsin C, the Candida BOIJINI stock with which protease activity fell suitably, and the 
list is also included by this invention. Hereafter, this invention is further explained to a detail. 

[0022] In order to solve the above-mentioned technical problem, this invention persons solved the proteinase A of (1) Candida BOIJINI, 
and the base sequence of a proteinase-B gene, built (2) protease gene disruption plasmid, produced the transformant using (3) book 
plasmid, and acquired the protease deletion Candida BOIJINI stock. When a heterologous gene is made to discover by making (4) 
protease deletion Candida BOIJINI stock into a host furthermore, it checks excelling the time of the volume making a wild strain a host, 
and comes to complete this invention. 

[0023] (1) As a start ingredient for acquiring the gene of Proteinase A and proteinase-B gene this invention, 48180 shares of Candida 
BOIJINI ATCC is illustrated. Setting to this invention, a cloning process is a well-known approach (Molecular Cloning (1989) and 
Methods in Enzymologyl 94 (1991)). It can carry out by following. That is, the vector for transgenics incorporating the DNA fragment 
originating in all DNA of the (a) above-mentioned yeast or the cDNA fragment compounded from mRNA of the above-mentioned yeast is 
introduced into a host, and the gene library of the above-mentioned yeast is produced, (b) Subsequently, a desired clone can be chosen 
from this gene library, and the above-mentioned cloning process can be carried out by amplifying the clone concerned. 
[0024] (a) After the extract of ail DNA of the preparation yeast of the gene library of yeast prepares the protoplast of yeast and usually 
removes a well-known DNA extraction method, i.e., a cell residue, from the protoplast concerned, it can carry out alcoholic precipitate of 
the DNA under high salt concentration, and can be further performed using the approach of carrying out alcoholic precipitate and 
refining after a phenol or a chloroform extraction. In addition, although DNA can be extracted by the cell crushing method by a glass 
bead etc. besides the above-mentioned method of preparing a protoplast beforehand, it is desirable to perform the describing [ above ] 
protoplast method from the point that it is easy to prepare DNA of the amount of macromolecules. After digesting the obtained 
chromosome DNA with a suitable restriction enzyme and connecting with a suitable vector, a genomic library can be obtained by 
carrying out a transformation to a suitable Escherichia coli host. 

[0025] Under the present circumstances, the available plasmid generally [ the pBR system usually known as a well-known vector for 
gene library preparation as a vector used, a pUC system, a blue script (Bluescript) system, etc. ] marketed can also be used. Moreover, 
a phage vector or cosmid of gt system or an EMBL system etc. can be used widely. The host who performs a transformation or 
transduction by the prepared vector for gene library production can adopt the thing according to the class of the above-mentioned 
vector. 

[0026] (b) Using an indicator probe including an array peculiar to each gene, the clone which has desired Proteinase A and a desired 
proteinase-B gene can be chosen by the colony hybridization method, a plaque hybridization method, etc., and can be acquired from the 
selection above-mentioned gene library of a clone. 

[0027] An array peculiar to Proteinase A and the proteinase-B gene which are used for a probe designs a primer for the codon usage of 
Candida BOIJINI to reference, amplifies specifically the DNA fragment for which it asks by the PCR method which uses the chromosome 
DNA of Candida BOIJINI as mold, and is acquired from the amino acid sequence saved by the protease of the various origins. Moreover, 
it is also possible to amplify specifically the DNA fragment for which it asks, and to acquire it by the PCR method which compounds 2 
sets of oligonucleotides corresponding to the amino acid sequence of this protease refined from Candida BOIJINI, and uses the 
chromosome DNA of Candida BOIJINI as mold by making them into a primer. In addition, the compound oligonucleotide can also be used 
as a probe. 

[0028] The decision and the check of the base sequence of a desired gene which are acquired by the above-mentioned approach can be 
performed by the chemistry changing method (Maxam-Gilbert, Methods in Enzymology, 65, and 499 (1980)) of for example, Maxam 
Gilbert, the dideoxy nucleotide chain ending method (Messing, J., Vieire and J., Gene, 1 9, and 269), its automated strange method, etc. 
[0029] (2) The DNA array which carries out the code of the construction protease of a protease gene disruption plasmid is changed, and 
it is inserted into a suitable vector with DNA, a selective marker gene, etc. it is made to have functional protease protein produced, and 
is used as a gene disruption plasmid. It is producible by permuting this gene on a chromosome with the site specific inclusion using this 
plasmid. With the DNA array changed so that the functional protease protein used here could not be produced Carry out deletion of that 
by which the base of the DNA array which carries out the code of the protein was permuted, and the part, or at least one nucleotide is 
inserted (or addition). When the function of the product obtained even if the reading frame of the DNA array which carries out the code 
of the protein shifts, and these alterations are not discovered or it is discovered varies, it stops being able to carry out the code of the 
protein which has original protease activity. Such a changed DNA array is preferably producible by inserting a transformation marker 
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gene etc. during the DNA array which carries out the code of the protein. There is an advantage that the variant which has the protease 
gene changed considering the transformation marker gene introduced while being able to destroy the gene on a chromosome using such 
a DNA fragment as an index can be screened. As a selective marker gene used here, the gene which carries out the complementation of 
the auxotroph of the host of the antibiotic resistance gene of G418 grade, URA3, and LEU2 grade is illustrated. Inserting the constituent 
of an expression vector in a vector can be easily carried out by this contractor with the technique of common use with reference to the 
publication of the after-mentioned example. 

[0030] (3) The Candida BOIJINI stock with which the acquisition protease activity of a protease deletion Candida BOIJINI stock was 
controlled as compared with the wild type strain is producible by carrying out the transformation of the suitable yeast host using the 
DNA array changed so that above-mentioned functional protease protein could not be produced, and replacing the gene of internality. 
There is the approach of removing the target gene on a chromosome physically and permuting by the alteration gene by gene 
substitution, as an approach for this. This is attained by carrying out the transformation of the yeast host using the straight chain-like 
DNA fragment which has a field by the side of 5 'the side and 3' of a target gene, and a homonous terminal sequence, and the alteration 
DNA fragment which contains preferably the gene divided by insertion of a transformation marker gene etc. URA3 changed gene which 
may be removed from a chromosome by spontaneous recombination desirable as this transformation marker gene can be used. The DNA 
array [ homologous / side / that / 5 'side and 3' / as this URA3 changed gene ] is made into the structure arranged in the same 
direction. Thereby, after being incorporated on a yeast chromosome, it becomes URA3 gene is able for the spontaneous recombination 
between this reiterative sequence to arise, and to fall out, and possible to reuse URA3 gene as a transforming gene marker. Under the 
present circumstances, since a Ura-stock serves as 5-fluoro-oroticacid (5-FOA) resistance, selection of the Ura-stock which fell out 
by homologous recombination with URA3 spontaneous gene out of the Ura+ stock of 5-FOA susceptibility is easy. 

[0031] Moreover, the approach (Rothstein R., Methods Enzymol., 194, and 281 (1991)) called pop in pop out as other approaches may be 
used. This is the approach of choosing the stock with which the functional gene was removed by the spontaneous homologous 
recombination which occurs between two genes which consist of a part of target genes of the internality produced after the 
transformation, and a part of alteration genes used for the transformation, and the changed gene was left behind after introducing into a 
target locus the plasmid DNA which contains an alteration gene by homologous recombination. By using URA3 gene as a marker also in 
this choice method, selection of the Ura-stock which fell out by homologous recombination with URA3 spontaneous gene out of the 
Ura+ stock of 5-FOA susceptibility is easy. 

[0032] As an approach for carrying out the transformation of Candida BOIJINI, the protoplast method, an acetic-acid lithium, an electric 
pulse method, etc. can be used. It is ATCC although not restricted especially about the Candida BOIJINI stock used for a 
transformation. 48180 shares and IFO 10035 etc. shares etc. are illustrated. Furthermore, preferably, at least one auxotroph marker gene 
is this stock that carried out deletion, and a URA3 deletion stock, a LEU2 deletion stock, etc. are illustrated. 
[0033] (4) The manifestation heterologous gene of a heterologous gene is performed by introducing into a suitable host cell the 
heterologous gene expression vector inserted into the suitable vector with the manifestation unit which has the structural gene of a 
promotor array and different-species protein, and a terminator array in the direction of the reading frame of an imprint, the selective 
marker gene, etc. When using a protease deletion mold Candida BOIJINI stock, a prosthetic device gene is destroyed as mentioned 
above, and a transformation is carried out by DNA which carries out the code of the different-species protein next. Or it is also possible 
to acquire a protease deficit stock afterwards for the stock by which the transformation was carried out by the heterologous gene 
expression vector already made into the object as mentioned above. It is also possible to carry out a transformation to a heterologous 
gene expression vector simultaneously furthermore with the protease gene with which the above was changed. 

[0034] As a promotor for a recombination different-species protein manifestation, the promotor (JP,5-344895,A) of the alcohol oxidase 
gene of Candida BOIJINI, the promotor (the [ international disclosure ] WO 97/No. 10345) of a formic-acid dehydrogenase gene, etc. are 
illustrated. As a terminator, the terminator (JP,5-344895,A) of the alcohol oxidase gene of Candida BOIJINI, the terminator of a formic- 
acid dehydrogenase gene, the terminator (the [ international disclosure ] WO 97/No. 10345) of an actin gene, etc. are illustrated, in 
addition, secretion of different-species protein is attained by resembling a different-species protein amino terminal and connecting the 
signal sequence for secretion. The secretion transit peptide array of alpha factor of baker s yeast (S.cerevisiae) besides the secretion 
transit peptide array of the proteinase A offered by this invention as a signal sequence for such secretion etc. can be used. 
[0035] An expression vector is made to include in the host chromosome DNA, or is made to exist in the state of a plasmid using the 
vector which has the autonomy duplicate array in which self-renewal is possible by host intracellular. As for the copy number of the 
heterologous gene which exists in host intracellular, one copy may also be plural. Thus, the gene expression product made into the 
object is acquirable by cultivating the obtained transformant and refining it from the culture obtained. 

[0036] As a culture medium, mineral, such as a phosphoric acid, sodium, a potassium, magnesium, calcium, iron, copper, manganese, and 
cobalt, is added to one or more sorts of nitrogen sources, such as one or more sorts of carbon sources, such as a methanol, glycerol, 
and a glucose, and a yeast extract, trypton, a meat extract, a peptone, casamino acids, and ammonium salt, and what carried out 
expedient addition of the micronutrient, such as various vitamins, amino acid, and a nucleotide, if needed further is mentioned to them. 
[0037] pH of a culture medium has the desirable range of 5-8. Moreover, 15-37 degrees C of culture temperature are usually around 28 
degrees C preferably. Culture time amount is about 24 - 1000 hours, and culture can be carried out by the batch culture or continuous 
culture under standing, a shaking, stirring, and aeration. After culture termination, in order to extract a gene product from this culture, 
the usual protein purification means can be used. For example, when produced in a transformed cell, the crude protein solution in which 
a biomass is included with a conventional method and it includes a gene product by sonication, grinding processing, application-of- 
pressure crushing, etc. is acquired. A protease inhibitor is added if needed. Gene products can be collected from the culture medium 
itself when produced in a culture supernatant. Filtration, centrifugal separation, etc. remove a solid part for the obtained solution, and a 
crude-protein solution is obtained. The nucleic acid by protamine processing etc. is removed as occasion demands. 
[0038] Separation purification of the object protein can be carried out by combining the purification technique, such as a salting-out 
method, solvent settling, dialysis, ultrafiltration, gel electrophoresis or ion exchange chromatography, gel filtration chromatography, 
reversed phase chromatography, and an affinity chromatography, from a crude-protein solution. 
[0039] 

[Example] This invention is not limited by these, although an example is given in order to explain this invention still more concretely. 
<Example 1> Candida Cloning Candida of the proteinase A gene (PEP4) of boidinii boidinii ATCC Acquisition of PEP4 gene and its base 
sequence determination were performed from 48180 shares. 
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[0040] (1-1) production baker's yeast (Saccharomyces cerevisiae) of a probe (Woolford, C.A.et aL, Mol.Cell.Biol.6, and 2500-2510 (1986)) 
And Pichia pastoris (Pichia pastoris) The oligonucleotide of the base sequence corresponding to amino acid sequence (single-character 
notation):DFAEATSEPGL and PYDYTLEVSGSCI which are saved by the proteinase A of the origin (Patent Publication Heisei No. 506117 
[ six to ] official report) Candida The codon usage of boidinii is taken into consideration. As follows It compounded :P RA5: 5'- 
GATTTYGCWGAAGCWACWTCWGAACCWGGTTT-3'; and PRA3 : 5'-ATACAWGAWACTTCYAAWGTRTAATCRTAWGG-3\ 
[0041] A primer PRA5 corresponds to amino acid sequence DFAEATSEPGL, and a primer PRA3 is the array of the complementary 
strand of the base sequence corresponding to amino acid sequence DFAEATSEPGL. Candida cultivated by the YPD culture medium (1% 
[ of yeast extracts ], peptone 2%, and glucose 2%, pH6.0) boidinii From the biomass of 48180 shares of ATCC(s), Chromosome DNA was 
prepared by the potassium acetate method (Methods Enzymol., 65, and 404 (1980)). 

[0042] Candida Primers PrA5 and PrA3 are mixed with the boidinii chromosome DNA, and it is Ex. PCR (it is [ degrees C / 94 ] 2 
minutes at 1 minute and 72 degrees C in 30 seconds and 50 degrees C) (x30 cycle) using Taq polymerase (TAKARA SHUZO CO., LTD.) 
was performed. The DNA fragments of about 0.6 amplified kbs are collected, and it is pT7. Blue Cloning was carried out to T-Vector 
(nova JIEN). It is Saccharomyces when the base sequence of the insertion DNA fragment of the obtained plasmid was determined using 
Dye primer cycle sequencing FS Ready Reaction Kit (PerkinElmer, Inc.). cerevisiae And Pichia Since the base sequence which carries 
out the code of the amino acid sequence of PEP4 gene of the pastoris origin and the amino acid sequence with high homology was 
accepted, it is Candida about this DNA fragment. It was concluded that it was a part of PEP4 gene of boidinii. 0. The insertion DNA 
fragment of 6kb cut the plasmid by Sail and EcoRI, and collected them after agarose electrophoresis. 

[0043] (1-2) Production of a library, and screening Candida boidinii Various restriction enzymes cut the chromosome DNA of 48180 
shares of ATCC(s), and agarose gel electrophoresis was performed 0.8%. It is Hybond about separated DNA. N+ nylon membrane 
(Amersham) transfer was carried out. The radioactive indicator of the DNA fragment obtained in the example (1-1) was carried out using 
the megger primer DNA labeling system (Amersham), and Southern five RIDAIZESHON was performed. Hybridization was performed 
according to the conventional method (Molecular cloning 2nd edn., ed.Sambrook, J., et al., Cold Spring Harbor Laboratory U.S.A., 1 989). It 
was thought that PEP4 gene existed in a result and the EcoT22I fragment of about 5.5 kbs. Then, the library was produced that cloning 
of the DNA fragment should be carried out. Candida The chromosome DNA of boidinii was cut by EcoT22I, and the DNA fragments near 
5.5kb were collected from gel after agarose electrophoresis. After carrying out ligation to pUC1 18 which cut the collected DNA fragment 
by PstI, the transformation was carried out to the Escherichia coli DH5alpha stock by the approach (Gene, 10, and 63 (1980)) of 
Hanahan, and the library was produced. 

[0044] These libraries were screened by the colony hybridization which used the above-mentioned DNA fragment as the probe. The 
plasmid pCPRAI and the insert selected the clone holding pCPRA2 which is hard flow from the obtained electropositive clones. 
[0045] (1-3) The restriction enzyme map of the base-sequence-determination plasmid pCPRAI was produced ( drawing 1 ). As a result 
of various restriction enzymes' cutting a plasmid pCPRAI and performing analysis by Southern hybridization, it was thought that PEP4 
gene existed in the BglII-EcoT22 I region of about 3.5 kbs of drawing 1 . It is pBluescript about the Hindlll fragment (field between HindHI 
(s) shown by the underline by drawing 1 ) of 1.7kb to the Smal part of pUC18 in order to determine the base sequence of this field, after 
flush-end-izing the Bglll-EcoRV fragment (field between BglH shown by the underline by drawing 1 , and EcoRV) of 2.2kb. II Cloning was 
carried out to the Hindlll part of SK+ in both directions, respectively. The deletion mutant was acquired from each plasmid using double- 
stranded Nested Deletion Kit (Pharmacia Corp.). It is a base sequence Dye primer cycle sequencing FS Ready Reaction Kit And it 
determined using Dye terminator cycle sequencing FS Ready Reaction Kit (PerkinElmer, Inc.). By connecting the acquired base 
sequence, the base sequence shown in the array number 1 was acquired. 

[0046] It begins from the 1009th in the base sequence of the array number 1, and the open reading frame which consists of 1263 base 
pairs which finish as the 2271st exists in it. The amino acid sequence (array number 2) presumed from this open reading frame, and 
Saccharomyces cerevisiae And Pichia pastoris When homology with the proteinase A of the origin was questioned, 75% and 68% of amino 
acid was the same respectively. The transit peptide presumed by cutting [ signal sequence ] point prediction (von Heijine, Nucleic.Acids 
Res., 14, and 4683 (1986)) was 22 amino acid from a methionine to the 22nd alanine. 

[0047] <Example 2> Candida Production Candida of the proteinase A gene (PEP4) destructive stock of boidinii PEP4 gene was 
destroyed by the transformation which used URA3 gene of boidinii as the marker. As a host, it is Candida, boidinii Variant Candidaboidinii 
of URA3 gene of 48180 shares of ATCC(s) 612 shares of SK was used. Candida 612 shares of boidiniiSK(s) were acquired according to 
the well-known approach (Sakai Y.et al., J.Bacteriol., 173, 7458 (1991)). 

[0048] (2-1) As shown in production drawing 2 of a PEP4 gene-disruption vector, the plasmid pDPRAI which permuted the SnaBI- 
EcoRV field of about 2 kbs of PEP4 gene by URA3 gene was produced. In order to acquire a uracil demand stock from a PEP4 gene- 
disruption stock again, based on Sakai's and others report (Sakai Y.et al., J.Bacteriol., 174, and 7458 (1992)), URA3 gene which had a 
repeating structure before and after the structural gene was used as a marker. 

[0049] Candida About the Sall-PstI fragment of 2.6kbs containing URA3 gene (Sakai Y.et al., J.Ferment.Bioeng., 73, and 255 (1992)) of 
boidinii, it is pBluescript. II Sail of SK- and pCBU3 inserted between PstI parts were produced. pCBU3 is cut by Sail and it is T four. 
After carrying out flush end processing by DNA polymerase, it cut by Xbal further and the DNA fragment containing 5' side of URA3 
gene of 0.9kb was isolated. Moreover, pCBU3 is cut by PstI and it is T four. After carrying out flush end processing by DNA polymerase, 
the DNA fragment of 2.6kbs further cut and obtained by Kpnl and the DNA fragment of the above-mentioned 0.9kbs were inserted in 
KpnI-Xbal of pUC19, and Plasmid pURP was obtained. Consequently, the reiterative sequence of about 0.9 kbs will exist in the DNA 
fragment of 3.5kbs obtained by carrying out Sail cutting of the pURP before and behind a URA triad gene ( drawing 2 ). 
[0050] pCPRAI and pCPRA2 by which PEP4 gene was inserted in the reverse sense were cut by SnaBI and EcoRV, and the Xhol linker 
(TAKARA SHUZO CO., LTD.) was inserted. The DNA fragment of 3.5kbs obtained by carrying out Sail cutting of the pURP to the Xhol 
part of the obtained plasmid was inserted, and the plasmid pDPRAI was obtained ( drawing 2 ). 

[0051] (2-2) Cut pDPRAI obtained by (2-1) of transformation this example by Sail, and it is Candida, boidinii The transformation was 
performed to 612 shares of SK by the acetic-acid lithium method (Ito, H.et al., J.Bacteriol., 153, and 163 (1983)). The PEP4 gene- 
disruption stock was screened by performing Southern analysis of the chromosome DNA about the obtained transformant. Namely, 612 
shares of hosts SK and the chromosome DNA of the transformant were cut by Sail and Ndel, and Southern analysis was performed by 
using as a probe the DNA fragment of 1.7kbs obtained by carrying out SnaBI cutting of the pCPRAI with Sail ( drawing 3 ). Although a 
band is detected by 3.8kbs in 612 shares of hosts SK as shown in drawing 3 , a band is detected on a destructive stock in the location 
of 5.4kbs. 
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[0052] It is Candida about this destructive stock, boidinii It was named 740 shares of SK. Candida boidinii After cultivating 740 shares of 
SK to a stationary phase by the YPD culture medium, the stock which shows resistance to 5-fluoro orotidine acid (5-FOA) was 
acquired. Acquisition of a 5-FOA resistant strain followed the approach given in an experiment document (the Ishida **** Ando **** / 
editing, a gene expression experiment manual, Kodansha SAIENTIFIKU, 1994). The stock with which URA3 gene was missing was 
screened by performing the same Southern analysis as the time of acquiring a PEP4 gene-disruption stock for the chromosome DNA of 
a 5-FOA resistant strain. On the stock as for which the band detected in 740 shares of SK in the location of 5.4kbs as shown in drawing 
3 lacked URA3 gene, the band was detected in the location of 2.8kbs. It is Candida about the yeast with which URA3 gene was missing, 
boidinii It was named 741 shares of SK, and international deposition was carried out on September 1, Heisei 10 in National Institute of 
Bioscience and Human-Technology, Agency of Industrial Science and Technology, the Ministry of International Trade and Industry, 
(Ibaragi Prefecture, Tsukuba-shi) at the bottom of a swine plague treaty, and trust number FERMBP-6482 were given. 
[0053] <Example 3> Candida Cloning Candida of the proteinase-B gene (PRB1) of boidinii boidinii Acquisition of PRB1 gene and its base 
sequence determination were performed from 48180 shares of ATCC(s). 

(3-1) The production Saccharomyces of a probe cerevisiae 0 [ Moehle, ] [ CM.] et al. and Mol.Cell.Biol.7, 4390-4399 (1987) And Pichia 
pastoris (Patent Publication Heisei No. 5061 17 [ six to ] official report) The oligonucleotide of the base sequence corresponding to 
amino acid sequence (single-character notation):GNGHGTHCAGT and ATAVLSGTSMA which are saved by the proteinase B of the 
origin Candida : compounded as follows in consideration of the codon usage of boidinii [0054] PRB5 : 5'- 
GGTAAYGGTCAYGGTACHCAYTGTGCHGGWAC-3'; and PRB3 : 5-GCCATWGAWGTAGCWGATAARACDGCWGTDGC-3'. 
[0055] A primer PRB5 corresponds to amino acid sequence GNGHGTHCAGT, and a primer PRB3 is the array of the complementary 
strand of the base sequence corresponding to amino acid sequence ATAVLSGTSMA. Candida boidinii Primers PRB5 and PRB3 are 
mixed with the chromosome DNA of 48180 shares of ATCC(s), and it is Ex. PCR (it is [ degrees C / 94 ] 2 minutes at 1 minute and 72 
degrees C in 30 seconds and 50 degrees C) (x30 cycle) using Taq polymerase (TAKARA SHUZO CO., LTD.) was performed. The DNA 
fragments of about 0.5 amplified kbs are collected, and it is pT7Blue. Cloning was carried out to T-Vector (nova JIEN). It is 
Saccharomyces when the base sequence of the insertion DNA fragment of the obtained plasmid was determined using Dye primercycle 
sequencing FS Ready Reaction Kit (PerkinElmer, Inc.). cerevisiae And Pichia Since the base sequence which carries out the code of the 
amino acid sequence of PRB1 gene of the pastoris origin and the amino acid sequence with high homology was accepted, it is Candida 
about this DNA fragment. It was concluded that it was a part of PRB1 gene of boidinii. 0. The insertion DNA fragment of 5kb cut the 
plasmid by Sail and EcoRI, and collected them after agarose electrophoresis. 

[0056] (3-2) Production of a library, and screening Candida boidinii Various restriction enzymes cut the chromosome DNA of 48180 
shares of ATCC(s), and agarose gel electrophoresis was performed 0.8%. It is Hybond about separated DNA. N+ nylon membrane 
(Amersham) transfer was carried out. The radioactive indicator of the obtaining-by (3-1) of this example DNA fragment was carried out 
using the megger primer DNA labeling system (Amersham), and Southern hybridization was performed. Consequently, it was shown that 
PRB1 gene exists in the EcoRI-HindHI fragment of about 5.5 kbs and the BglII-EcoT22I fragment of about 4.5 kbs. Next, the library was 
produced that cloning of the EcoRI-HindHI fragment of about 5.5 kbs and the BglII-EcoT22I fragment of about 4.5 kbs should be carried 
out. Candida The chromosome DNA of boidinii was cut by EcoRI and HindlH, and the DNA fragments near 5.5kb were collected from gel 
after agarose electrophoresis. The collected DNA fragment was inserted between EcoRI of pUC19, and a HindlH part, and the EcoRI- 
HindlH plasmid library was produced. It is pBluescript about a BglII-EcoT22I fragment similarly. II The Bg!II-EcoT22I plasmid library 
inserted between BamHI of SK+ and a PstI part was produced. 

[0057] Screening by the colony hybridization which used the above-mentioned probe for these libraries was performed. The clone which 
holds a BglII-EcoT22I plasmid library to pCPRBI and pCPRB2 from an EcoRI-HindHI plasmid library was selected as an electropositive 
clone by autoradiography. 

[0058] The restriction enzyme map of pCPRBI and pCPRB2 was produced ( drawing 4 ). The obtained clone is Candida. Checking that it 
is PRB1 gene of boidinii, and Candida The base sequence of the Clal field of about 0.7 kbs of the minimum DNA fragment which the 
probe hybridized by the genomic Southern analysis mentioned above for the purpose of presuming the location and direction of an open 
reading frame of PRB1 gene of boidinii was determined. About the Clal fragment of 0.7kbs acquired from pCPRB2, the decision of this 
base sequence is pBluescriptll. It carried out using the plasmid which inserted in SK+ and was produced. The amino acid sequence (array 
number 5) presumed from the acquired base sequence (array number 6), and Saccharomyces cerevisiae And Pichia When homology with 
the proteinase B of the pastoris origin was questioned, 76% and 77% of amino acid was the same respectively. From this result, it is 
Candida. It was presumed that the opening Ryding frame of PRB1 gene of boidinii exists in the field shown by the arrow head of drawing 
4. 

[0059] <Example 4> Candida Production Candida of the proteinase-B gene (PRB1) destructive stock of boidinii PRB1 gene was 
destroyed by the transformation which used URA3 gene of boidinii as the marker. Candida acquired in the example 2 as a host boidinii 
741 shares of SK was used. 

(4-1) The plasmid pDPRBI which permuted the Clal field of about 0.7 kbs of production PRB1 gene of a PRB1 gene-disruption vector 
by URA3 gene was produced as follows. 

[0060] The DNA fragment of about 2.0 kbs which cut pCPRB2 by Clal and EcoRI and were obtained was inserted in the Clal-EcoRI field 
of pCPRBI. The obtained plasmid was named pCPRBdeltaCla. pCPRBdeltaCIa is cut by Clal and it is T four. The Xhol linker was 
inserted after [ which is depended on DNA polymerase ] carrying out flush end processing. The DNA fragment of 3.5kbs obtained by (2- 
1) of an example 2 by carrying out Sail cutting of the pURP of a publication to the Xhol part of the obtained plasmid was inserted, and 
the plasmid pDPRBI was obtained ( drawing 5 ). 

[0061] (4-2) Cut pDPRBI obtained by (4-1) of transformation this example by Hindi and EcoRI, and it is Candida, boidinii The 
transformation was performed to 741 shares of SK by the acetic-acid lithium method. The PRB1 gene-disruption stock was screened by 
performing Southern analysis of the chromosome DNA about the obtained transformant. Namely, 741 shares of hosts SK and the 
chromosome DNA of the transformant were cut by BglH and HindlH, and Southern analysis was performed by using as a probe the DNA 
Fragment of 1.3kbs obtained by carrying out BglH cutting of the pCPRBI with Clal ( drawing 6 ). The band detected in 741 shares of 
hosts SK in the location of 3kbs as shown in drawing 6 is detected by 5.8kbs on a destructive stock. 

[0062] It is Candida about this destructive stock, boidinii It was named 774 shares of SK. Candida boidinii The 5-FOA resistant strain 
was acquired from 774 shares of SK, and the stock with which URA3 gene was missing was screened. Southern analysis performed 
screening. The band detected in 774 shares of SK in the location of 5.8kbs as shown in drawing 6 was detected in the location of 3.2kbs 
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on the stock which lacked URA3 gene. It is Candida about this yeast, boidinii It was named 775 shares of SK. 

[0063] <Example 5> Candida obtained by (2-2) of the measurement example 2 of the protease activity of a protease deficit stock boidinii 
SK740 (pep4) Candida obtained by (4-2) of a stock and an example 4 boidinii SK774 (pep4, prbl) A stock and Candida boidinii The shown 
protease activity of 48180 shares of ATCC(s) was measured. Each stock was cultivated to the stationary phase at 30 degrees C by the 
2ml YPD culture medium. They are 0.2ml 100mM(s) about the biomass which carried out the harvest. It suspended in the Tris-HCI buffer 
(pH 7.5), the 0.8g glass bead (0.425 to 0.6 mm, sigma company) was added, and actuation of ice-cooling for 1 minute was violently 
repeated 5 times after stirring for 1 minute. The at-long-intervals alignment of the biomass crushing liquid was carried out by 4 degrees 
C and 10000 revolutions for 10 minutes, and the supernatant liquid fraction was acquired as a cell-free extract. The protein 
concentration of a cell-free extract was measured using the protein assay kit (Bio-Rad). 

[0064] The enzyme activity of a cell-free extract measured proteinase A activity and carboxypeptidase Y activity according to the total 
theory (Jones, E.W., Methods Enzymol., 194, and 428 (1991)) of Jones. That is, proteinase A activity is the cell-free extract of 25microl, 
and final concentration 100mM. Glycine-HCI It measured at 37 degrees C in the 1ml reaction mixture containing a buffer (pH 3.2) and 1% 
of acid denaturation hemoglobin. After sampling the reaction mixture of 200microl, respectively after 0 minutes, 10 minutes, 20 minutes, 
and 30 minutes, 1-N perchloric acid of 100microl was added, and the at-long-intervals alignment was carried out by 10000 revolutions 
for 10 minutes. 100micro of supernatant liquid I is sampled, and it is 0.5M of 50microl. NaOH was added and the isolation peptide content 
in this solution was measured using DC protein assay kit (Bio-Rad). Proteinase A activity defined the amount of enzymes which 
separates the peptide of Imicrog in 1 minute as one unit. Although the proteinase A activity of 49.3 units was detected per 1mg of cell- 
free extracts in 48180 shares of ATCC(s), activity was not detected in 740 shares of SK, and 774 shares of SK. 

[0065] After carboxypeptidase Y activity mixed the cell-free extract of 100microl, the buffer (100mM Tris-HCI (pH7.5), 1mM CaCI2) of 
500microl, and the substrate solution (6mM N-benzoyl-L-thyrosin-p-nitroanilide dissolved by dimethylformamide (sigma company)) of 
20microl and stirred them well, it reacted for 30 minutes at 37 degrees C. It is 1 .5M of 600microl to this. The acetic acid was added, the 
reaction was suspended, it filtered with the 0.22-micrometer filter, and the absorbance in 405nm was measured. Carboxypeptidase Y 
activity defined the amount of enzymes which separates the para nitroaniline of 1nmol in 1 minute as one unit. The carboxypeptidase Y 
activity of each, 0.72 units, 0.28 units, and 0.05 units was detected per [ which 48180 shares of ATCC(s), 740 shares of SK and 774 
shares of SK show ] 1 mg of cell-free extracts, and it was checked that carboxypeptidase Y activity decreases substantially by the 
protease genetic defect. 

[0066] <Example 6> Candida by which the secretory production protease gene of heterologous gene protein was destroyed By 
discovering a cow origin cathepsin C gene using a boidinii stock, it checked that the amount of secretion of cathepsin C increased. 
Moreover, it also checked functioning as a signal sequence for the pre array of PEP4 gene obtained by (1-3) of an example 1 making 
heterologous gene protein secrete. 

[0067] (6-1) The Homo sapiens origin cathepsin C gene reported to cloning ** of a cow origin cathepsin C gene was acquired in PCR, 
and the obtained DNA fragment was used as a probe. :HCat-5 which compounded the following oligo oligonucleotides according to the 
base sequence (Patris, A.et al., FEBS Lett., 369, and 326 (1 995)) of a Homo sapiens cathepsin C gene : 5 - 
CAAGGCTTTGAGATTGTGTTGAATGACTAC-3' and HCat-3 : 5-TCTGAGATTGCTGCTGAAAGTCTACAGTCT-3'. 
[0068] It is QUICK-Screen as template DNA. Human cDNA Library Panel (Clontech) was used. Primer HCat-5 and HCat-3 are mixed 
with template DNA, and it is Ex. PCR (it is [ degrees C / 94 ] 2 minutes at 30 seconds and 72 degrees C in 30 seconds and 60 degrees 
C) (x30 cycle) using Taq polymerase (TAKARA SHUZO CO., LTD.) was performed. From the library of the placenta origin, the DNA 
fragments of about 1.2 amplified kbs are collected, and it is pT7. Blue Cloning was carried out to T-Vector (nova JIEN). Using Dye 
primer cycle sequencing FS Ready Reaction Kit (PerkinElmer, Inc.), the base sequence was determined and it checked that the Homo 
sapiens origin cathepsin C gene was inserted. 1. The insertion DNA fragment of 2kb cut the plasmid by Smal and Xbal, and after agarose 
electrophoresis, they were collected and was used for it as a probe DNA fragment. 

[0069] Bovine purchased from Stratagene as a library for acquiring a cow cathepsin C gene Spleen The cDNA library was used. It 
screened by plaque hybridization from the recombination phage clone of about 1 million made to appear according to an attached 
protocol. In six obtained electropositive recombination phage and the helper phage of attachment to a library, it is Escherichia coli XL1- 
Blue. You made it infected with an MRF' stock, it cultivated at 37 degrees C for 3 hours, and pBluescript which has an object cDNA 
fragment was started. The digestive liquor which processed culture medium for 20 minutes at 70 degrees C was infected with the 
Escherichia coli SOLRTM stock, and ampicillin resistance selected the Escherichia coli which has recombination plasmid DNA. 
[0070] As a result of determining the base sequence by the side of a five prime end and a three-dash terminal for six recombination 
plasmids using Dye primer cycle sequencing FS Ready Reaction Kit (PerkinElmer, Inc.), pBC 20-2 was selected as a clone which has the 
longest cDNA fragment. The base sequence of the insertion DNA fragment of pBC 20-2 was determined using Dye terminator cycle 
sequencing FS Ready Reaction Kit (PerkinElmer, Inc.), and the base sequence shown in the array number 7 was acquired. The amino 
acid sequence shown in the array number 8 from the acquired base sequence was acquired. When this array was compared with the 
amino acid sequence of Homo sapiens cathepsin C, 89% of amino acid was the same. The amino terminal of a pro field was considered to 
be the 226th leucine of the array number 8 for the am\no terminal of the 20th aspartic acid of the array number 8, and a mature field. 
The array which carries out the code of the initiation methionine was not included in pBC 20-2, but it was thought that a part of pre 
Field was missing. 

[0071] (6-2) It is Candida about the cow cathepsin C obtained by (6-1) of construction this example of a cow cathepsin C manifestation 
plasmid. In order to carry out a secretion manifestation using boidinii, the pre field (array number 4) of the proteinase A obtained by (1- 
3) of an example 1 was connected with the amino terminal side of the pro field-mature field of cow cathepsin C. Moreover, the base 
sequence of the pro field-mature field of cow cathepsin C is Candida. It changed into the base sequence array using a codon with high 
operating frequency in boidinii. It designed so that a NotI recognition site might furthermore be formed in 5'3 of upstream and translation 
termination codon (TAA)' downstream of the translation initiation codon (ATG) of a structural gene (array number 9). Designed DNA is 
the approach shown in drawing 7 , and was compounded using PCR. : which shows the base sequence of each primer in drawing 7 below 
— A1R5- 

GTACATATCCAGATCTATTAGGTACTTGGGTCTTTCAAGTTGGTTCTTCTGGTTCACAAAGAGATGTTAATTGTTCTGTTATGGGTCCTCC 

-3'; 

A1R:5- 

GCAAACCATTTATAATCATTCAAGACAATTTCGAAACCTTGATTATAGATAATAGTGAAATGACCAGAATTACCAAAATCATCATAAGCAC 
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-3'; 

A2R5- 

GGGGGGCGGCCGCATGAAGTTCACAATTCCTTTTTCTGTCGCTTTCTCTATCTTAGCTGCTACTACTTTAGTTGATGCTGATACTCCAGC 

-3'; 

A2R5- 

CCCCCACTAGTCCTAGGACATCATGAACCCAACCTGTCATAGTTTCATGACAATAAGAAGTAACTTTACCACCTTCTTCTTTATATTTAA> 
B1R5- 

CGTTAATACTGCTAGATTAGCTGGTTTAGAAGAAACATACTCTAATAGATTATATCGTTATAATCATGATTTCGTCAAAGCTATTAATGCT 

-3'; 

B1R:5- 

TACGAGAATGACCACCACCTCTTCTAATCATTTCTTTAAGAGTTAATGTTTCATATTCCATATAAGGAGCAGCAGTCCAAGATTTTTGAA1 

-3'; 

B2R5- 

GGGGGGCGGCCGCGGGGCCTAGGTAGAAATTGGGCTTGTTTCACTGGTAGAAAGACTGGTAATACTTCTGAAAATGTTAACGTTAATAC 

-3'; 

B2R5- 

CCCCCACTAGTAGGTAAGTGTAAGATTTTCTTCTGAATTTCAGCAGTAATAGGTGCAGGTTTAGGTCTAGGTATTCTACGAGAATGACCA 

-3'; 

C1R5'- 

TTGCTTCTATGGGTATGATGGAAGCTAGAATTAGAATTTTGACTAATAATACTCAAACTCCTATCTTATCTCCACAAGAAGTTGTCTCTTG 

-3'; 

C1R:5- 

ATGGAGAATCAGTACCAGTATATGGAAAACAATCTTCTTCAACTAGACCAAAGTCCTGAGCATATTTACCAGCAATTAAGTATGGGAAAC 

-3'; 

C2R5'- 

GGGGGACTAGTTGGGATTGGAGAAATGTTCATGGTATTAACTTTGTTACTCCTGTTAGAAATCAAGGTTCATGTGGTTCTTGTTACTCAT" 

-3'; 

C2R5- 

CCCCCAAGCTTCATTACAACCACCATAGAAACCACCAACATAATGATATTCAGAAGAGTAATATCTGAAACAACCTTCTTTCAATCTACA 

-3'; 

D1R5- 

ATTATAGAAAAGGTGTTTATCATCACACTGGTTTAAGAGATCCATTTAATCCATTTGAGCTCACTAATCATGCTGTCTTATTAGTTGGTTA 

-3'; 

D1R:5'- 

GTACCTCTTCTAATTCTAAAGTAACCATTTTCACCCCAAGAAGTACCCCATGAGTTCTTAACAATCCAATAATCTAAACCAGAAGCAGCA 

-3'; 

D2F: 5 - 

GGGGGAAGCTTTGATGAAATTAGAATTAGTTCATCAAGGTCCTATGGCTGTTGCTTTTGAAGTCTATGATGATTTCTTACATTATAGAAA/ 
-3'; and D2R:5'- 

CCCCCCTCGAGGCGGCCGCTTATAATTTAGGAATAGGAGTAGCAGCTAAAGCAATAGATTCAATAGCACATTCATCAGTACCTCTTCTA> 
-3'. 

[0072] Field A mixes primer A1F and A1R first, and is Ex. PCR (it is [ degrees C / 94 ] 30 seconds at 1 minute and 72 degrees C in 30 
seconds and 60 degrees C) (x20 cycle) using Taq polymerase (TAKARA SHUZO CO., LTD.) was performed, and the double stranded 
DNA was compounded. A phenol/chloroform extraction, and ethanol precipitate were performed after reaction termination, and it 
dissolved in TE buffer of 1/2 capacity (25microl) of PCR reaction mixture. This 2micro [ of solutions I ], primer A2F, and A2R is mixed, 
and it is Ex. PCR (it is [ degrees C / 94 ] 30 seconds at 1 minute and 72 degrees C in 30 seconds and 60 degrees C) (x20 cycle) using 
Taq polymerase (TAKARA SHUZO CO., LTD.) was performed. pBluescript after collecting the amplified DNA fragments and cutting by 
NotI and Spel II It inserted between Notl-Spel of KS+. The time Field A was compounded correctly was checked using Dye primer cycle 
sequencing FS Ready Reaction Kit (PerkinElmer, Inc.). The obtained plasmid was named pCT-A. 

[0073] It compounds by the same approach as Field A using the primer shown in drawing 7 also about Fields B, C, and D, and is 
pBluescript, respectively. II Plasmid pCT-B, pCT-C, and pCT-D inserted in KS+ were obtained. Plasmid pCT-AB which inserted the 
Notl-Styl fragment cut down from pCT-A between Notl-Styl of pCT-B, and plasmid pCT~CD which inserted the Spel-Hindlll fragment 
cut down from pCT-C between Spel-HindlH of pCT-D were produced. The Spel-Xhol fragment cut down from pCT-CD was inserted 
between Spel-Xhol of pCT-AB, and plasmid pCTC-S1 was produced. 

[0074] Candida started from pCBU3 boidinii Candida started from the Sall-PstI fragment and pFdhPT (WO 97/10345) of 2.6kbs 
containing a URA gene boidinii The KpnI~EcoT22I fragment of 2.1 kbs including a formic-acid dehydrogenase gene promotor / terminator 
field was inserted between KpnI-Sall of pUC19, and the marker gene produced the heterologous gene manifestation plasmid pFexU3 by 
the formic-acid dehydrogenase gene promotor / terminator with URA3 gene ( drawing 8 ). The NotI fragment containing the cathepsin C 
gene started from pCTC-S1 was inserted in the NotI part of pFexU3, and cow cathepsin C manifestation plasmid pECTC-S1 was 
produced ( drawing 8 ). 

[0075] (6-3) Cut plasmid pECTC-S1 obtained by (6-2) of transformation this example by BamHI, and it is Candida, boidinii The 
transformation was carried out to 612 shares of SK, and 741 shares of SK. Ten colonies per each host stock of the obtained 
transformant were gathered, and the cathepsin C activity secreted in a culture medium was measured. First, shaking culture was carried 
out at 30 degrees C for 48 hours in the GLYS culture medium (culture medium of pH5.5 containing glycerol 3%, Yeast Nitrogen Base 
0.67%, and Yeast Extract 0.5%). 3000 revolutions and the biomass which carried out the harvest by centrifugal [ for 5 minutes ] were 
suspended in a GLYS culture medium and equivalent MYS (culture medium of pH5.5 which contains Yeast Extract0.5% methanol 1.5% and 
Yeast Nitrogen Base 0.67%), and shaking culture was carried out at 30 more degrees C for 48 hours. 3000 revolutions and the culture 
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supernatant acquired by centrifugal [ for 5 minutes ] were condensed 50 times after culture using the microcomputer -30 (Amicon), and 
cathepsin C activity was measured by the approach shown below. 

[0076] After mixing with the concentration culture supernatant of 2microl the buffer (a 50mM citric-acid-sodium-citrate buffer (pH5.0), 
10mM NaCI, ImMbeta-mercaptoethanol, and 4mM(s) Glycyl-L-phenylalanine-p-nitroanilide of a substrate (what was dissolved in 200mM 
(s) is diluted with a sigma company and dimethylformamide)) of 200microl, it was left at 37 degrees C for 2 to 10 hours, and the 
absorbance in 405nm was measured. 1 6, 8, 4 and 2 of the cow cathepsin C purchased from BERINGA as a reference standard, and 1 or 
0.5microg [/ml ] solution were prepared, and the cathepsin C activity of each sample was computed from the standard curve which 
produced this as a sample. The cathepsin C volume which each transformant showed is shown in drawing 9 . Candida by which the 
proteinase gene was destroyed as shown in drawing 9 The direction at the time of using a boidinii stock as a host was excellent in 
cathepsin C productivity. 
[0077] 

[Effect of the Invention] Candida to which protease (or proteolysis) activity decreased by this invention A boidinii stock is offered and 
the yield of this protein can be raised by preventing disassembly of object protein in the manifestation system which made this yeast the 
host. 
[0078] 

[Layout Table] 

SEQUENCE LISTING <110> Kirin-Brewery-Company, Limited <120> Candida boidinii-strains-and use-thereof-as-hosts for-preparing- 
heterologous proteins <130> P98-0444 <160> 9<210> 1<211> 3486<212> DNA<213> Candida boidinii <400> lagatcttggt atacgcattc 
ttccgccaac caccaaccac cagccttcca gcaactagcc60agcagccagc agcgaggcca aagatgtggc accggcatga aacaatggct gctggtgcggl 20aaacaactgc 
ggccaggtca catctcccat tgttttccac gcgctgtttc tcgattgggc 1 80cttgtgagaa atacaaatag ggaaagcgat acatacgtaa tgtatgcaat gtatgtaatg 
240tatgcaatta caattgttgc cctctctctt tctacggctc tttctatggc tcttctctct 300gtatgaaccc cactggccct atctctgtcc tctgtgtctc tatctccatc 
ttccctcttt 360cctctttcct ctgtctttgt cttatctaca catatcactc ttattcctct tgcttgcttg 420ctcatccctt gaactgtgcc ctcctctccc tctctcttcc 
tctctcaccc ttagtattgt 480cttgccccaa tgcaaattct aactccattt gcaatcacat tcacatttcc tctccattca 540actcttcatc tttgtctctc ttatcaatta 
attgattaat caatcaccct cctcctatct 600tttactcctc tcccattacc acatcttctt atcagtctgt ctccatcacc ttctccatca 660aggccattat aaattaacgc 
ccaacaccat tgccatccat cccccattat catacaacta 720aagagtattc taatcaatcc atctccgttt gtcatctgtc ttcaatatca cacaagctaa 780tcaattccct 
taaagaatta atcctcttaa ttgtattgat agtcatttag cattcaccaa 840aatttgataa gtatagaatc taagttataa aatataaaat agaacttttc tcgttcaaac 
900atttaaccgc ccatttccct aaaattaaag gtatataaat tacacaaatt caaccattaa 960aaggaaaaaa aaagaaaaaa actacttctc aaaaagaaatctttcgcaat 
gaagttcaca 1 020atcccttttt ctgtcgcttt cagtatctta gctgctacta ccttagttga tgccaaagtt 1 080cactcaattc caattaaaaa acactcttta gaagaaactt 
ttaaagatat ttcttataat 1 1 40gattatttag cttctttaaa gaataaatat atctcattat ataacaagca tcactcaaat 1 200aacgccggtg aatctattga aggtgatcaa 
caacaccctt ttatcccatt cgttgaagtt 1 260gtcgatggtg aattcaaaga ttcaaaaact gatgctcctt taactaacta tatgaatgct 1 320caatatttca cagaaattca 
attaggtacc ccaggtcaag tctttaaagt tatcttagat 1 380accggttctt ccaatttatg ggtcccaggt aaggattgtt cttctttagc ttgttactta 1 440cactcaaagt 
atgatcacga tgaatcgtca acttataaga aaaacggtac cgaatttgct 1 500attagatatg gtactggttc tttagaaggt tttgtctctt ctgatacttt aaccattgga 
1 560gatttggtta tcccagatca aggttttgct gaagccactt ctgaaccagg tttaactttt 1 620gcctttggta aattcgatgg tatcttaggt ttagcttatg acactatctc 
tgtccagaaa 1 680gttgttcctc cagtctataa agccattgat tcaggtttat tagacaaacc acaattttcc 1 740ttctacttag gtgataccgc taaatcagaa actgatggtg 
gtgttgccac ttttggtggt 1 800 atcgatgaat ctaaattcaa cggtaagctt acc tggttgc ctgttagaag aaaggcttac 1 860tgggaagttg-cattcgatgg tgtcggatta 
ggttctgaat-atgctccttt-actaaataca 1 920ggtgccgcca ttgatacagg tacctcttta-atcgctttac catcaggttt-agctgaaatc 1 980ttaaactctg aaattggtgc 
cactaaatct-tggtctggtc agtacactat-cgattgtgcc 2040 gctagagatt ctctaccaga tttaaccttc actttagctg gttacaattt caccattggt 2100 ccttacgatt 
atactttaga agtttctggt tcttgtatct cttctttcac tccaatggat 2160 atcccagctc caattggtcc aatggctacc gttggtgatg ccttcttaag aaaattctac 2220 
tctgtttacg atttaggtaa agatgctgtt ggtttagctc cagctatcta attctgatta 2280 gcttggaaag ttattcattt attgcactat tcatatgcgt atataatacc ttctctttct 
2340 attgttcaga ctccttttta tacttgttcc attattagct taaatgaaaa ataaatactt 2400 ttttgaaaca aaaaatcatg tttatgatca gttgattttt tgtcttctga 
ttcttctctc 2460 tattgaacca ttgttataat ttcatttttt tcttgatcct tcttttttct tttttttgtc 2520 tcatcttttt aatttttttt ttcggttcgg ttttcaaaac aaaaaaaaac 
ataattgtaa 2580 aagaatatta cttatattaa tttatactat attatattag attatattat attttaaatc 2640 aaactaaatt aaataaacta taaataatta taaaagatca 
ttattggtga ctttcaggaa 2700 atgcaatatt ataattatta ttttcatgaa attgaccgtt actattagat tctccaagag 2760 atacagatga taattcaacc ctcttggatt 
tcttaaaagg ttgagaagaa gaaatcaaaa 2820 tatcttgatc tttatcttct tgttctaata actgttgctt tccatcttca ccatctctag 2880 ttgatttact catctcacta 
tatttcctct ttggtttatc accaccgttg tacaaaccct 2940 tctttcttct cttggaattc ttattgtcgc caccgttgtc accgctacca gaattggcat 3000 tggtattact 
tctgtaatgc tcgtttgttt tgttattgtt agacacggca gatccaatat 3060 tagaagatgg atttattaca gagctgttaa tattcgataa tatatcacgt agatatttct 3120 
tatccatatc atcatgcggt tcaatcctga cttcttctcc ttcatcgtcg ccagctaaac 3180 cggaagcacc aacatctgca acacgtcgtc tttgatcttt tgtcacattt 
tgttcactgt 3240 tgtaaatact actgctgatg ctactgccat tgctactatt accgatattg ttgtttgact 3300 tattattacc atacttcttt gacttcttct taccatttct 
gtataaacct gtaccatcgt 3360 taacttcaat cttatatcct aagtagtcca tattattctt atcgataaac aaatgaataa 3420 catctccatc aaaaattctt atcttattcc 
cctttttgat cctattacca ttgacataac 3480atgcat 3486 <210> 2 <211> 420<212> PRT <213> Candida boidinii <220 <221» mat peptide <222> 
(23) — (420) <220 <221» sig peptide <220> (1) — (22) <400> 2 Met Lys Phe Thr He Pro Phe Ser Val Ala Phe Ser He Leu Ala Ala 1 5 10 
15 Thr Thr Leu Val Asp Ala Lys Val His Ser He Pro He Lys Lys His 20 25 30 Ser Leu Glu Glu Thr Phe Lys Asp He Ser Tyr Asn Asp Tyr 
Leu Ala 35 40 45 Ser Leu Lys Asn LysTyr lie Ser Leu Tyr Asn Lys His His Ser Asn 50 55 60 Asn Ala GlyGlu Ser He Glu Gly Asp Gin Gin 
His Pro Phe He Pro 65 70 75 80 Phe ValGlu Val Val Asp Gly Glu Phe Lys Asp Ser Lys Thr Asp Ala 85 90 95 Pro Leu Thr Asn Tyr Met 
Asn Ala Gin Tyr Phe Thr Glu lie Gin Leu 100 105 110 Gly Thr Pro GlyGIn Val Phe Lys Val He Leu Asp Thr Gly Ser Ser 115 120 125 Asn 
Leu Trp Val Pro Gly Lys Asp Cys Ser Ser Leu Ala Cys Tyr Leu 130 135 140 His Ser Lys Tyr Asp His Asp Glu Ser Ser Thr Tyr Lys Lys 
Asn Gly 145 150 155 160 Thr Glu Phe Ala He Arg Tyr Gly Thr Gly Ser Leu Glu Gly Phe Val 165 170 175 Ser Ser Asp Thr Leu Thrlle Gly 
Asp Leu Val He Pro Asp Gin Gly 180 185 190 Phe Ala Glu Ala Thr Ser Glu Pro Gly Leu Thr Phe Ala Phe Gly Lys 195 200 205 Phe Asp 
Gly lie Leu Gly Leu Ala Tyr Asp Thr lie Ser Val Gin Lys 210 215 220 Val Val Pro Pro Val Tyr LysAlalle Asp Ser Gly Leu Leu Asp Lys225 
230 235 240 Pro Gin Phe Ser Phe Tyr Leu Gly Asp Thr Ala Lys Ser Glu Thr Asp 245 250 255 Gly Gly Val Ala Thr Phe Gly Gly He Asp 
Glu Ser Lys Phe Asn Gly 260 265 270 Lys Thr Thr Trp Leu Pro Val Arg Arg Lys Ala Tyr Trp Glu Val Ala 275 280 285Phe Asp Gly Val 
Gly-Leu-Gly-Ser-Glu Tyr Ala Pro Leu Thr Asn Thr 290 295 300Gly Ala Ala He Asp-Thr-Gly-Thr-Ser Leu He Ala Leu Pro-Ser-Gly305 
310 315 320Leu Ala Gl u lie Leu Asn Ser Glu He Gly Ala Thr Lys Ser Trp Ser 325 330 335 Gly Gin Tyr Thr He Asp Cys Ala Ala Arg Asp 
Ser Thr Pro Asp Leu 340 345 350 Thr Phe Thr Leu Ala Gly Tyr Asn Phe Thr He Gly Pro Tyr Asp Tyr 355 360 365 Thr Leu Glu Val Ser 
Gly Ser Cys lie Ser Ser Phe Thr Pro Met Asp 370 375 380 lie Pro Ala Pro He GlyPro Met Ala Thr Val Gly Asp Ala Phe Leu385 390 395 
400 Arg Lys Phe Tyr Ser Val Tyr Asp Leu Gly Lys Asp Ala Val Gly Leu 405 410415Ala Pro Ala He 420<210> 3 <211> 1263<212> DNA 
<21 3> Candida boidinii <400> 3 atgaagttca caatcccttt ttctgtcgct ttcagtatct tagctgctac taccttagtt 60 gatgccaaag ttcactcaat tccaattaaa 
aaacactctt tagaagaaac ttttaaagat 1 20 atttcttata atgattattt agcttcttta aagaataaat atatctcatt atataacaag 1 80 catcactcaa ataacgccgg 
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tgaatctatt gaaggtgatc aacaacaccc ttttatccca 240 ttcgttgaag ttgtcgatgg tgaattcaaa gattcaaaaa ctgatgctcc tttaactaac 300 tatatgaatg 
ctcaatattt cacagaaatt caattaggta ccccaggtca agtctttaaa 360 gttatcttag ataccggttc ttccaattta tgggtcccag gtaaggattg ttcttcttta 420 
gcttgttact tacactcaaa gtatgatcac gatgaatcgt caacttataa gaaaaacggt 480 accgaatttg ctattagata tggtactggt tctttagaag gttttgtctc ttctgatact 
540 ttaaccattg gagatttggt tatcccagat caaggttttg ctgaagccac ttctgaacca 600 ggtttaactt ttgcctttgg taaattcgat ggtatcttag gtttagctta 
tgacactatc 660 tctgtccaga aagttgttcc tccagtctat aaagccattg attcaggttt attagacaaa 720 ccacaatttt ccttctactt aggtgatacc gctaaatcag 
aaactgatgg tggtgttgcc 780 acttttggtg gtatcgatga atctaaattc aacggtaagc ttacctggtt gcctgttaga 840 agaaaggctt actgggaagt tgcattcgat 
ggtgtcggat taggttctga atatgctcct 900 ttactaaata caggtgccgc cattgata ca ggtacctctt taatcgcttt accatcaggt 960 ttagctgaaa tcttaaactc 
tgaaattggt gccactaaat cttggtctgg tcagtacact 1 020 atcgattgtg ccgctagaga ttctctacca gatttaacct tcactttagc tggttacaat 1 080 ttcaccattg 
gtccttacga ttatacttta gaagtttctg gttcttgtat ctcttctttc 1 1 40 actccaatgg atatcccagc tccaattggt ccaatggcta ccgttggtga tgccttctta 1 200 
agaaaattct actctgttta cgatttaggt aaagatgctg ttggtttagc tccag ctatc 1260taa 1263<210> 4<211> 22<2\2> PRT<213> Candida boidinii 
<400> 4Met Lys-Phe-Thr-Ile-Pro Phe Ser Val Ala Phe-Ser-Ile-Leu-Ala-Ala 1 5 10 15 Thr Thr Leu Val Asp Ala 20 <210> 5 <211> 
236<212> PRT <213> Candida boidinii <400> 5 lie Asp Thr Gly Val Ser Val Thr His Glu Glu Phe Asp Gly Arg Ala 1 5 10 15 Lys Trp Gly 
Lys Thr lie Pro Thr Asp Asp Ser Asp Val Asp Gly Asn 20 25 30 Gly His Gly Thr His Cys Ala Gly Thr He Gly Ser Lys Asp Tyr Gly 35 40 
45 He Ser Lys Asn Ala Glu He Val Ala Val Lys Val Leu Lys Thr Asn 50 55 60 Gly Ser Gly ThrMet Ser Asp Val Val Lys Gly Val Glu Phe 
Ala Ala 65 70 75 80 Asn Ala His He Lys Ala Leu Lys Glu Ser Lys Pro Gly Phe Lys Gly 85 90 95 Ser Thr Ala Asn Met Ser Leu Gly Gly Gly 
Lys Ser Pro Ala Leu Asp 100 105 110 Leu Ala Val AsnAla Ala Val LysAla Gly Leu His Phe Ala Val Ala 115 120 125 Ala Gly Asn Asp Asn 
Ala AspAla Cys Asn Tyr Ser Pro Ala Ala Ala 130 135 140 Glu Lys Ala Val Thr Val Gly Ala Ser ThrLeu Ser Asp Ser Arg Ala 145 150 155 
160 Tyr Phe Ser Asn Phe Gly Lys Cys Val Asp He Phe Ala Pro Gly Leu 165 170 175 Asn He Leu Ser Thr Tyr He Gly Ser Asp Ser Ala Thr 
Ala Val Leu 180 185 190 Ser GlyThrSer Met Ala Ser Pro His Val Cys Gly Leu Leu Thr Tyr 195 200 205 Phe Leu Ser Leu Gin Pro Glu 
Ser Glu Ser Leu Phe Ser Thr Ala Ala 210 215 220 He Thr Pro Asp Gin Leu LysLys Asn He He Asp225 230 235 <210> 6 <211> 708<212> 
DNA<213> Candida boidinii <400> 6 atcgatactg gtgtttctgt tacccatgaa gaattcgatg gtagagctaa atggggtaaa 60accatcccaa ctgatgactc 
tgatgttgatggtaacggtc acggtactca ctgtgccggt 1 20accattggtt ctaaagatta-cggtatctca aagaatgctg-aaatcgttgc cgttaaagtc 1 80ttaaagacta 
atggttcagg-taccatgtct gatgtcgtta-aaggtgttga atttgctgct 240aacgctcata tcaaggcatt-aaaggaatct aaaccgggtt-tcaaaggttc tactgccaat 
300atgtccttag gtggtggtaa atcaccagct ttagacttag ctgttaatgc tgctgttaaa 360gctggtttac atttcgccgt tgctgcaggt aatgataacg ctgatgcttg 
taactattct 420ccagctgctg ctgaaaaggc tgttaccgtt ggtgcttcaa ctttatctga ttctagagct 480tacttttcca atttcggtaa atgtgttgat atttttgctc 
caggtttaaa tatcttatct 540acttatattg gttctgattc tgctacagct gttttaagtg gtacttcaat ggcctctcca 600cacgtttgtg gtttattaac ttatttctta 
tctttacaac cagaatctga atccttattt 660 tcaactgctg ctattacccc agatcaatta aagaaaaata ttatcgat 708 <210> 7 <211> 1806<212> DNA <213> 
Bovine <400> 7 gcacgaggcg gctcgtcgct ctcttgctgc tcgtctatgg cgctggctcc gtgcgcgggg 60 acacgcctgc caactgcacc taccccgacc tgctgggcac 
ctgggtcttc caggtgggct 1 20 ccagcggctc ccagcgcgat gtcaactgct cggtgatggg acccccagaa aaaaaagtgg 1 80 tggtgcacct caagaagttg gatacagcat 
atgatgactt tggcaattcc ggccatttca 240 ccatcattta caatcaaggc tttgagattg tgttgaatga ctacaagtgg ttcgcctttt 300 ttaagtataa agaagagggt 
ggcaaggtaa ccagttactg ccacgagacc atgactggct 360 gggtccatga cgtgctgggc cggaactggg cctgtttcac tggaaggaag acaggaaata 420 cctcggagaa 
cgtgaacgtg aacacagcac gccttgcggg tctcgaggaa acgtattcta 480 ataggctcta cagatataac catgactttg tgaaagctat caatgccatt cagaagtctt 540 
ggactgcagc cccatacatg gaatatgaga ctcttaccct aaaagagatg attaggagag 600 gtggtggcca tagccggaga attccaaggc ccaaacctgc accaatcact 
gctgaaatac 660 agaaaaagat tttgcatttg ccaacatcct gggattggag aaacgttcat ggtatcaatt 720 ttgttactcc tgttcgaaac caagggtctt gtggaagctg 
ctactcattt gcttctatgg 780 ggatgatgga agcaagaatc cgcatactaa ccaacaacac tcagaccccg atcttgagtc 840 ctcaggaggt tgtgtcttgc agtcagtatg 
ctcaaggctg tgaaggtggc ttcccttacc 900 tcatcgcagg gaagtatgcc caggactttg ggttggtgga agaggactgt ttcccctaca 960 caggcacgga ttcgccgtgc 
agactgaaag agggctgctt ccggtactat tcctccgagt 1020 accactacgt gggcggtttc tacgggggct gcaatgaagc cctgatgaag cttgagctgg 1080 tccatcaggg 
gcccatggcc gtcgcctttg aagtctacga cgacttcctc cactaccgca 1 140 agggcgtcta ccaccacacg gggctgcgag accctttcaa ccccttcgag ctgaccaatc 
1200 atgctgtgct gctggtgggc tatggcactg acgcggcctc tggactggat tactggattg 1260 ttaaaaacag ctggggcacc agctggggtg agaacggtta cttccgcatc 
cgcagaggaa 1 320 ccgacgagtg tgcgatcgaa agcatagcgc tggcggccac cccgattcct aagttgtag g 1 380gtgtacctcg cagggtttca-cgctgaccac- 
cgccagccag-gaagggaaga tgccttattc 1440agggactgga gacatgtacg gtattgctac-tgcagtttca aaagattata-gatagcttcc 1 SOOtgtgaagatc tgtgccttta 
caattaaaag-tgcccttgat tttaatttta-atacactttc 1 560cccctgaaaa gcagtctgct ttttcctcag tactctgttc agtgcggttt ttatggagga 1 620 tggtgagaga 
cgaagtaatg gattttgcta atcattttgt gatccaaacg catgctgtat 1 680 tttaaaaaca atcgacagaa ccacacaggc ttatttttaa attgtataaa tcatgagaca 1 740 
atgtgacaat ggttattaaa aaaattttat aaatattcaa gtgatataaa aaaaaaaaaa 1800aaaaaa 1806 <210> 8 <211> 1377<212> DNA <213> Bovine 
<400> 8acg agg egg etc gtc get etc ttg ctg etc gtc tat ggc get ggc tec 48 Thr Arg Arg Leu Val Ala Leu Leu Leu Leu Val Tyr Gly Ala Gly 
Ser 15 10 15 gtg cgc ggg gac aegect gec aac tgc acc tac cccgac ctg ctg ggc 96 Val Arg Gly Asp Thr ProAla Asn Cys Thr Tyr Pro Asp 
Leu Leu Gly 20 25 30acc tgg gtc ttc cag gtg ggc tec age ggc tec cag cgc gatgtc aac 1 44 Thr Trp Val Phe Gin Val Gly Ser Ser Gly Ser 
Gin Arg Asp Val Asn 35 40 45tgc teg gtg atg gga ccc ccagaa aaa aaa gtg gtg gtg cac etc aag 192 Cys Ser Val Met Gly Pro Pro Glu Lys 
Lys Val Val Val His Leu Lys 50 55 60aag ttg gat aca gca tat gat gacttt ggc aat tec ggc cat ttc acc 240 Lys Leu Asp Thr Ala Tyr Asp Asp 
Phe Gly Asn Ser Gly His Phe Thr 65 70 75 80atc att tac aat caa ggc ttt gag att gtg ttg aat gac tac aag tgg 288 He HeTyr Asn Gin Gly 
Phe Glu He Val Leu Asn Asp Tyr Lys Trp 85 90 95 ttc gec ttt ttt aagtat aaa gaa gag ggt ggc aag gta acc agt tac 336 Phe Ala PhePhe 
Lys Tyr Lys Glu Glu Gly Gly Lys Val Thr Ser Tyr 100 105 1 10tgc cac gag acc atg act ggc tgg gtc cat gac gtg ctg ggc egg aac 384 Cys 
His Glu Thr Met Thr Gly Trp Val His Asp Val Leu Gly Arg Asn 115 120 1 25tgg gec tgt ttc act ggaagg aag aca ggaaat acc teg gag aac gtg 
432 Trp Ala Cys Phe Thr Gly Arg Lys Thr Gly Asn Thr Ser Glu Asn Val 130 135 140aac gtg aac aca gca cgc ctt gcg ggt etc gag gaa acg 
tat tct aat 480 Asn Val Asn Thr Ala Arg Leu Ala Gly Leu Glu Glu Thr Tyr Ser Asn145 150 155 160agg etc tac aga-tat-aac-cat-gac ttt 
gtg aaa get ate aat gec att 528Arg-Leu-Tyr-Arg-Tyr Asn His Asp Phe Val-Lys-Ala-Ile-Asn-Ala-Ile 1 65 1 70 1 75cag aag tct tgg act gca 
gec cca tac atg gaa tat gag act ctt acc 576Gln Lys Ser Trp Thr Ala Ala Pro Tyr Met Glu Tyr Glu Thr Leu Thr 180 185 190 eta aaa gag 
atg att agg aga ggt ggt ggc cat age egg aga att cca 624 Leu Lys Glu Met He Arg Arg Gly Gly Gly His Ser Arg Arg He Pro 195 200 205agg 
ccc aaa cct gca cca ate act get gaa ata cag aaa aag att ttg 672 Arg Pro Lys Pro Ala Pro He Thr Ala Glu He Gin Lys Lys lie Leu 210 215 
220 cat ttg cca aca tcctgg gat tggaga aac gtt cat ggt ate aat ttt 720 His Leu Pro Thr Ser Trp Asp Trp Arg Asn Val His Gly He Asn 
Phe225 230 235 240gtt act cct gtt cga aac caa ggg tct tgt gga age tgc tac tea ttt 768 Val Thr ProVal Arg Asn Gin Gly Ser Cys Gly Ser 
Cys Tyr Ser Phe 245 250 255 get tct atg ggg atgatg gaa gca aga ate cgc ata eta acc aac aac 816 Ala Ser MetGly Met Met Glu Ala Arg 
He Arg He Leu Thr Asn Asn 260 265 270 act cag acc ccg ate ttgagt cct cag gag gtt gtg tct tgc agt cag 864 Thr Gin Thr Pro He Leu Ser 
Pro Gin Glu Val Val Ser Cys Ser Gin 275 280 285tat get caaggc tgt gaa ggtggc ttc cct tac etc ate gca ggg aag 912 Tyr Ala Gin Gly Cys 
Glu Gly Gly Phe Pro Tyr Leu He Ala Gly Lys 290 295 300tat gec cag gac ttt ggg ttg gtg gaa gag gac tgt ttc ccc tac aca 960 Tyr Ala Gin 
Asp Phe GlyLeu Val Glu Glu Asp Cys Phe Pro Tyr Thr305 310 315 320ggc acg gat tegecg tgc aga ctg aaa gag ggc tgc ttc egg tac tat 
1008 Gly ThrAsp Ser Pro Cys Arg Leu Lys Glu Gly Cys Phe Arg Tyr Tyr 325 330 335tcc tec gag tac cac tac gtg ggc ggt ttc tac ggg ggc 
tgc aat gaa 1056 Ser Ser Glu Tyr His Tyr Val Gly Gly Phe Tyr Gly Gly Cys Asn Glu 340 345 350 gec ctg atg aag ctt gag ctg gtc cat cag 
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ggg ccc atg gcc gtc gcc 1 104 Ala Leu Met Lys Leu Glu Leu Val His Gin Gly Pro Met Ala Val Ala 355 360 365 ttt gaa gtc tac gac gac ttc 
etc cac tac cgc aag ggc gtc tac cac 1 1 52Phe Glu V al Tyr Asp Asp Phe Leu-His-Tyr-Arg-Lys Gly Val Tyr His 370 375 380cac acg ggg 
ctg cga gac-cct-ttc-aac-ccc ttc gag ctg acc aat cat 1 200His Thr Gly-Leu-Arg-Asp-Pro Phe Asn Pro Phe Glu-Leu-Thr-Asn-His385 
390 395 400gct gtg ctg ctg gtg ggc tat ggc actgacgeg gcc tct gga ctg gat 1 248 Ala Val LeuLeu Val Gly Tyr Gly Thr Asp Ala Ala Ser Gly 
Leu Asp 405 410 415tac tgg att gtt aaa aac age tgg ggc acc age tgg ggt gag aac ggt 1296 Tyr Trp He Val Lys Asn Ser Trp Gly Thr Ser 
Trp Gly Glu Asn Gly 420 425 430tacttc cgc ate cgc agagga acc gac gag tgt gcg ate gaa age ata 1 344 Tyr Phe Arg IleArg Arg Gly Thr 
Asp Glu Cys Ala He Glu Ser He 435 440 445 gcg ctg gcg gcc acc ccg att cct aag ttg tag 1377 Ala Leu Ala Ala Thr Pro He Pro Lys Leu 
450 455 <210> 9 <211> 1402<212> DNA <213> Artificial Sequence <400> 9 gcggccgcat gaagttcacaattccttttt ctgtcgcttt ctctatctta 
getgetacta 60 ctttagttga tgctgatact ccagctaatt gtacatatcc agatctatta ggtacttggg 1 20 tctttcaagt tggttcttct ggttcacaaa 
gagatgttaattgttctgtt atgggtcctc 1 80 cagagaagaa agttgtcgtt cacttaaaga aacttgatac tgcttatgat gattttggta 240attctggtca tttcactatt 
atctataatcaaggtttcga aattgtcttg aatgattata 300 aatggtttgc tttctttaaa tataaagaag aaggtggtaa agttacttct tattgtcatg 360 aaactatgac 
aggttgggtt catgatgtcc taggtagaaa ttgggcttgt ttcactggta 420 gaaagactgg taatacttct gaaaatgtta aegttaatae tgctagatta gctggtttag 480 
aagaaacata ctctaataga ttatatcgtt ataatcatga tttcgtcaaa gctattaatg 540 ctattcaaaa atcttggact gctgctcctt atatggaata tgaaacatta 
actcttaaag 600 aaatgattag aagaggtggt ggtcattctc gtagaatacc tagacctaaa cctgcaccta 660 ttactgctga aattcagaag aaaatcttac acttacctac 
tagttgggat tggagaaatg 720 ttcatggtat taactttgtt actcctgtta gaaatcaagg ttcatgtggt tcttgttact 780 catttgette tatgggtatg atggaagcta 
gaattagaat tttgactaat aatactcaaa 840 ctcctatctt atctccacaa gaagttgtct cttgttctca atatgetcaa ggttgtgaag 900 gtggtttccc atacttaatt 
gctggtaaat atgctcagga ctttggtcta gttgaagaag 960 attgttttcc atatactggt actgattctc catgtagatt gaaagaa ggt tgtttcagat 1 020attactcttc 
tgaatatcat-tatgttggtg-gtttctatgg tggttgtaat gaagctttga 1 080tgaaattaga attagttcat-caaggtccta tggctgttgc-ttttgaagtc tatgatgatt 
1 1 40tcttacatta tagaaaaggt-gtttatcatc acactggttt-aagagatcca tttaatccat 1 200ttgagctcac taatcatget gtcttattag ttggttatgg tactgatget 
gcttctggtt 1260tagattattg gattgttaag aactcatggg gtacttcttg gggtgaaaat ggttacttta 1320 gaattagaag aggtactgat gaatgtgcta ttgaatctat 
tgetttaget gctactccta 1 380 ttcctaaatt ataageggee gc 1 402 
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NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] This drawing shows the restriction enzyme map of the plasmid pCPRAI containing a proteinase A gene. 
[Drawing 2] This drawing shows the construction procedure of the proteinase A gene disruption plasmid pDPRAL 

[Drawing 3] This drawing is Candida, boidinii The restriction enzyme map of PEP4 locus of 612 shares of SK, 740 shares of SK, and 741 
shares of SK is shown. 

[Drawing 4] This drawing shows a proteinase-B gene and the restriction enzyme map of plasmids pCPRBI and pCPRB2. 
[Drawing 5] This drawing shows the structure of the proteinase-B gene disruption plasmid pDPRBI. 

[Drawing 6] This drawing is Candida, boidinii The restriction enzyme map of PRB1 locus of 741 shares of SK, 774 shares of SK, and 
SK775 is shown. 

[Drawing 7] This drawing shows the construction procedure of plasmid pCTC~S1. 
[Drawing 8] This drawing shows the construction procedure of plasmid pECTC~S1. 

[Draw ing 9] This drawing is Candida, boidinii The cathepsin C activity of the culture-medium supernatant liquid of the cathepsin C 
manifestation stock which made the host 612 shares of SK and 741 shares of SK is shown. 
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